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Report Terms and Definitions

Activity

A project, group of projects or a program that represents one
portion of the grant funding. Activities are the basic building
blocks of the Program  and refer to the specific actions taken by
individual grant recipients. These could be a single action or
project, such as installation of a high efficiency lighting system in
a government facility, or development of a renewable energy
generation facility.  An activity may also refer to a complex
retrofit of a range of measures in one or more buildings
implemented under one portion of grant funding. Or finally,
particularly in the case of Indirect Grants, an activity could
consist of multiple actions funded by a single grant and
performed under a common administrative framework, such as
an energy -efficiency loan program. For the purposes of this
study, the Aactivityodo is the
regardless of whether it consisted of one or more a ctions,
projects, buildings or ultimate end users or beneficiaries.

basic

ARRA

American Recovery and Reinvestment Act of 2009; in this report,
ARRA refers specifically to
Efficiency and

Enbrgy De
Cons er \ABRRAIifunding Bl o c k

Broad Program Area (BPA)

Or fAprogram areao refers to a
by multiple grant recipients in different states and locals that

have basic similarities in terms of the actions performed and
services provided. One of 14 eligible  types of activities eligible
for funding under the EECBG formula grants.
BPAs representing 80% of the total EECBG funding for grants are
the focus of this evaluation.

rel

Six of the fourteen

a

CATI

Computer -Assisted Telephone Interviews

CGE

Computable Genera | Equilibrium

Direct Grant

Grants provided to entities that directly implemented activities.

DOE US Department of Energy

EECBG Energy Efficiency and Conservation Block Grants
EERE Energy Efficiency and Renewable Energy

EPAct Energy Policy Act of 2005

FOA Funding Opportunity Announcement

Grant/Formula Grant

An amount of funding provided to an eligible recipient for
carrying out qualified activity (ies) under the EECBG program.

Grantee/grant recipient

The cities, counties, states, territories and | ndian tribes that
received EECBG funds for carrying out qualified activities.

GREET Greenhouse Gases, Regulated Emissions, and Energy use in
Transportation

ICP Institutional Conservation Program

IDI In - Depth Interview
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Impact Evaluation

Subset of an outcome evaluation that assesses the net effect of
a program (defined by Government Accountability Office)

Indirect Grant

Grants provided to States that in turn issued funding to various

other eligible grantees through sub -grants
1-O Input -output (mode |)
MMBtu Million British thermal unit S
MMTCE Million metric tons of carbon equivalent
NASEO National Association of State Energy Officials
OMB Office of Management and Budget
ORNL Oak Ridge National Laboratory

Outcome evaluation

Evaluation that as sesses the extent to which a program achieves
its outcome -oriented objectives (defined by Government
Accountability Office)

OWIP

Office of Weatherization and Intergovernmental Programs

PAGE information system

Performance and Accountability for Grants in Energy reporting
information system  that is the primary source of descriptions of
activities performed by EECBG grant recipients.

Program Refers to the entire EECBG program, which consists of all funded
activities carried out by grant recipients nationwi de.

PV Present value or photovoltaic

PY Program year

RAC Recovery Act Cost

REMI Regional Economic Models, Inc.

SCT Standard Calculation Tool

SEO State Energy Office

SEP State Energy Program

SOwW Statement of work

Subarea A group of common activitie s within a BPA.  Subareas refer to
identifiable sets of activities within a BPA that have common
characteristics that distinguish them from others types of
activities within their program area.

Sub -grant An amount of funds provided to an eligible entity fr oma

statewide EECBG funding allocation . Sometimes also referred to
as sub -award.
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EXECUTIVE SUMMARY

This document presents findings from an evaluation of the Energy Efficiency and Conservation Block

Grant (EECBG) Program , a national program operated by t he U.S. Department of Energy (DOE) from
2009to 201 5 that provided grants and technical assistance to local governments, states and

! ltwas

funded by the American Reinvestment and Recovery Act (ARRA or Recovery Act) and was a one -time

program . The evaluation was commi ssioned by DOEG6s Weatherization
Programs Office (WIPO), which managed the EECBG Program . The study was carried out by an

independ ent evaluation team led by DNV GL, with oversight from Oak Ridge National Laboratory

(ORNL) and its advisors. ~ The evaluation was carried out between 2011 and 2015 and culminated in

this report.

ES.1. Key Findings

Table ES-1 lists the principal metrics or outco mes of this evaluation along with their definitions. 2 All

territories to support a wide variety of energy efficiency and renewable energy activities.

impacts reported are EECBG - attributable impacts, meaning they are the impacts that occurred as a
result of EECBG funding.

Table ES -1: Key evaluation outcomes and metrics

Qutcome Metric Description

Energy Savings 1  Annual and cumulative energy savings by fuel, sector and total
source Million British Thermal Units (MMBtu)
Renewable Generation 1  Annual and cumulative renewable generation by fuel, sector and
total source MMBtu
1  Direct, indirect, and induced jobs created or retained
T  Job impact s over the estimated life of program energy impacts
1  Annual and cumulative avoided carbon emissions by sector and
program mechanism
1  Annual and cumulat ive avoided social costs of carbon emissions,
by sector and program mechanism
Bill Savings and Cost - 1  Annual and cumulative dollar savings on energy bills by sector
Effectiveness 1  Recovery Act Cost (RAC) test ratio of annual energy savings and
renewable gen eration per thousand dollars of ~ program
expenditures
1 Lifetime present value (PV) ratio of dollar savings to program
costs

Job Creation

Avoided Carbon Emissions

The evaluation shows that the cumulative impacts of EECBG that are attributable to the program are
as follows:

1 Energy savings /renew able generation 7

0 EECBG produced a combined attributable energy savings from all EECBG activities of
409 million source MMBtu for the 2009 to 2050 period

! This evaluation period included projects from 2009 through 2011 because that is when the sample was selected.
2 According to the Government Ac countability Office, this evaluation is an impact evaluation, which is a subset of an outcome evaluation that

assesses the net effect of a program. This report will refer to the evaluationos
# According to the US Environment P rotection Agency, the social cost of carbon is fAan estimate of th

small increase in carbon dioxide (CO2) emissions, conventionally one metric ton,

comprehensive estimate of clima te change damages and includes, but is not limited to, changes in net agricultural productivity, human

health, and property damages from increased flood risk.o
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0 EECBG generated 4.2 MMBtu from on -site renewable energy projects
1 Laborimpacts 1
0o EECBG produced a ne ttotal job gain of 62,902 job years for the BPAs studied.

o EECBGO6s job gains repr e36R60t perjgbpreatec basachdn & | y2.28D
billion in funding for the evaluated BPAs.

1  Avoided carbon emissions T

o EECBG avoided 25.7 million metric tons of ca rbon equivalent due to energy savings
and renewable generation

0 EECBG saved $1.7 billion in social costs of carbon due to energy savings alone and an
additional $62 million in social costs avoided from displaced energy as a result of
renewable generation

1 Bill Savings and cost  -effectiveness 1

0o EECBG produced $5.2 billion of  total cumulative savings on energy bills, 70% of which
were realized by residential consumers, 29% in the public institutional sector, and 1%
the commercial and industrial sectors.

0o The Re covery Act Cost (RAC) Test , which quantifies the EECBG  -attributable savings
(measured in source MMBtu saved per year) per $1,000 of program expenditures,
showed the overall program met the DOE -specified cost effective ness baseline of 10.0.
RAC test results are presented from a building perspective, which evaluates cost
effectiveness of energy savings and renewable energy generation, and from a system
perspective, which evaluates cost effectiveness of energy savings and conventional
energy displaced by renew  able generation. *

o The PV ratio compares the present value of participant bill savings attributed to EECBG
against the present value of EECBG program funding  using a 2.7% discount rate . The
PV ratio was 1.76, which indicates participant bill savings exceede d EECBG program

expenditures.

ES.2. Program Description

The Energy Independence and Security Act created the EECBG Program to help eligible state and local
government entities and Indian tribes develop, promote, implement, and manage energy efficiency

and conser vation efforts. Funded efforts were designed to reduce fossil fuel emissions and total energy
use of eligible entities, improve energy efficiency in transportation, building, and other sectors, and

create and retain jobs. Given that the program was of a | imited duration and a single funding cycle,

an emphasis was placed on projects already in the pipeline for execution that could be launched and
break ground  within 18 months.

More than $2.7 hillion was distributed through formula grants to 2,187 cities, ¢ ounties, states,
territories, and Indian tribes across a range of 14 categories or Broad Program Areas (BPAs). The

4 The substantive distinction between the RAC test from the building and system perspectives is the treatment of on  -site renewable
generation. From the building (consumer facility) perspective, on - site generation is considered supplemental electricity that does not
incur transmission or production losses. From the system (electric grid) perspective, on-site generation replaces a need for conventional
electricity generation such that the total displaced electricity is used in the RAC test numerator. In contrast, utility scal e renewable
generation is always assumed to displace conventional electricity.
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grants funded over 7,400 individual programs, projects, or activities (referred to herein as activities).

Grants could be used for a range of
incentives for energy efficiency

energy technologies, transportation activities, recycling and waste management effo

activities approved by the U.S. DOE.
agencies and Indian tribes.
with nearly all of the remainder (28
obligated to disperse a

Seventy percent of the grants
%) going to the
minimum of 60% of

Grants were provided directly to local government entities

initiatives, including energy efficiency building retrofits, financial
, building code support, renewable energy installations, distributed

rts, and other
, State

funding went directly to local governments
States . State s receiving EECBG funds were

those funds to local entities in indirect grants.

Table ES -2 lists the distribution of grant activities across the full range of categories or BPAs for whi ch
EECBG funding was provided. The table shows the number of activities and percent of program

funding received. The first six BPAs,
spent under EECBG and 74% of the total number of

highlighted in bold below

, represent the top 80% of the dollars

activitie s.

Table ES -2. Distribution of Funding and Activities across 14 EECBG BPAs

Cumulative

BPA Percent of Percent of N“”?b.e.r of
Funding . Activities
Funding
Energy Efficiency Retrofits 38.8% 38.8% 2,525
Financial Incentive Program 17 .9% 56.8% 361
Buildings and Facilities 9.7% 66.5% 784
Lighting 7.1% 73.6% 637
On - site Renewable Technology 6.0% 79.6% 456
Energy Efficiency and Conservation 0 0
Strategy (Direct Grants) ! 2.6% 82.2% 735
Transportation 4.3% 86.4% 533
Other 2.8% 89.2% 79
Technical Consultant Services 2.4% 91.6% 518
Z?jlgﬁg’ﬂzl and Commercial Buildings 230 93.9% 443
Energy Efficiency and Conservation 0 0
Strategy (Indirect Grants) ! 2:1% 96.0% 24
Material Conservation Program 1.2% 97.2% 164
Energy Distribution 11% 98.3% 68
Reduction/Capture of 0 0
Methane/Greenhouse Gases 1.1% 99.3% 42
Codes and Inspections 0.7% 100.0% 110
Total 100.0% 7,479
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ES.3. Scope of the Evaluation

The EECBG evaluation effort was organized and implemented along three dimensions: the grant
fun ding categories of BPAs; whether the grants were direct grants to local government entities or
indirect , thatis sub-grants to such entities via state governments ; and the target sector s defined as

residential, non -residential and public. =~ The study reports  findings at the BPA level  for direct and
indirect grant activities combined, and presents results by sector where appropriate

The EECBG evaluation focused on the six BPAs that cumulatively account for slightly more than 80%
of total formula grant expen ditures as directed by WIPO . The nature of the activities performed in
each of those BPAs is described in Table ES -3.

Table ES -3:Six BPAsin this EECBG evaluation

BPAs Definitions

Energy Efficiency Retrofits The Energy Effic iency Retrofits BPA encompasses activities
that provide financial support for building retrofit and
equipment replacement projects in existing residential,
commercial, and industrial facilities.

Financial Incentives The Financial Incentives BPA encompas ses activities that focus
on financial incentives for energy efficiency, including rebates,
financing, loans, third party loans and local bank -guarantee
loans.

Buildings and Facilities The Buildings and Facilities BPA encompasses activities that

focus on architecture, design and engineering activities;
energy management systems, and energy efficiency rating and

labeling.
On-site Renewables The On -site Renewables BPA encompasses activities that focus
on renewable energy systems and retrofits, trainingan  d

capacity building associated with these systems.

Lighting The Lighting BPA encompasses activities that focus on the
replacement of traffic lighting and street lighting with energy
efficient lighting technologies.

Energy Efficiency and Conservation Stra tegy The Energy Efficiency and Conservation Strategy BPA
encompasses activities that cover a wide range of policies and
programs designed to facilitate adoption of energy efficiency
and renewable energy technologies in multiple sectors

ES.4. Evaluation Objectiv es

This evaluationis  focused on the quantification of EECBG program impacts. As such, the study did not
include an assessment of program processes, participant satisfaction , or policy objectives. Th e
original evaluation plan outlined two key objectives for the EECBG evaluation: (1) : to accurately

guantify the principal outcomes achieved by DOEG6s $2.

and (2) to investigate potential key grantee organizational and operational characteristics related to
successfu | grant performance.

To meet the objectives of the study, the evaluation focused on three critical research questions:
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1. Whatis the total lifetime magnitude of energy and cost savings and other key outcomes achieved
in those BPAs that cumulatively account for approximately 80% of total Formula Grant
expenditures in the 2009  -2011 program years? °

2. What is the lifetime magnitude of outcomes achieved by each of the most heavily funded BPAs
within the EECBG portfolio?

3. Whatarethe primary performance factorsin fluencing the magnitude of EECBG outcomes?

The principal outcomes of  the evaluation were estimated through various impact evaluation analyses
and were defined as:

1 Energy savings and on -site renewable energy generation - expressed in  million source BTUs or
MMBTUs®

1 Laborimpacts - expressed as the net number of jobs created

1 Avoided carbon emissions - expressed as million metric tons of carbon equivalent [MMTCE)
reduced ’

1 Bill savings and cost -effectiveness - expressed as both cost and energy saved per dollar s pent

The secondary objective of the evaluation related to identifying organizational factors that contribute

to grant performance , which was defined as the amountof energy saved per dollar of EECBG program
spending.  The grant performance indicator was then used as the dependent variable in a statistical
regression model to identify and rank operational and organizational factors as to their likely level of

influence on program performance.

ES.5. Summary Tables

There are several ways in which the outcomes o f the EECBG evaluation process are expressed in
summary tables below and in the body of the report. First , the energy impact outcomes and metrics
are expressed in MMBtu for each of three program mechanisms: energy savings, renewable energy
generation, and  alternative fuels.

The avoided carbon emissions outcome is then calculated by applying carbon emission rates to the

verified EECBG-attributable energy impacts.  Reductions in carbon emissions in turn avoid societal
damages that are directly or indirectly ¢ aused by such emissions, such as flood damage or health

effects: these are reflected in a second carbon emissions indicator called the avoided social costs of
carbon and is expressed in dollars.

Finally, two cost effectiveness indicators are listed in th e table, the RAC test and a present value
indicator.
5 As directed by DOE, effects were studied through 2050. For some revolving loan programs, it is possible that program effects would

continue after 2050, but those future effects were not included in this analysis.

5 Energy savings, such as reduced cons umption of electricity or natural gas, are the primary objective of EECBG grants, and thus the
evaluation did not include an estimation of demand impacts.

" Carbon emissions  are determined from the type and magnitude of energy saved through energy efficien cy and displaced energy as a result
of renewable energy generation
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All of the impact methodologies used to create the values shown below are described in more detail in
subsequent sections of the full report.

ES.5.1. Energy impacts

Tables ES -4a and ES -4b present cumulative energy savings and renewable generation in source

MMBtu for all six BPAs studied.  Table ES -4a shows t he combined EECBG -attributable energy  savings
from all EECBG activities as 409 million source MMBtu for the 2009 to 2050 period. 8 The majority of
energy s avings (over 57%) were associated with  grantsinthe f inancial incentives BPA. Th at BPAis
followed by e nergy efficiency retrofitsand lighting BPAs, at 17% each.  All three of these BPAs are
characterized by a high proportion of projects with direct insta llation of energy efficiency measures

Table ES -4a: Lifetime EECBG -attributable energy savings

Estimated energy savings
as percent of total savings
in all BPAs (%)

Estimated total energy
savings (source MM Btu )

Energy Efficienc  y Retrofits 70,887,192 17.3%
Financial Incentives 235,891,401 57.6%
Buildings and Facilities 29,982,236 7.3%
Lighting 70,590,085 17.2%
On -site Renewable Technology 68,223 0.0%
Energy EfflClency and 1,859.179 ° 0.5%
Conservation Strategy

Total 409 ,278,316 100.0%
Note:

"-"indicates estimate rounds to zero and is considered imprecise.

"** indicates estimate exhibits low precision.

Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that ro und to zero.

On-site renewable projects produce electricity , thereby offsetting the need to consume grid -delivered
electricity that uses other energy sources. Table ES -4b shows the amount of energy generated from

the EECBG -funded renewable energy projects in all BPAs where that applied . The combined EECBG -
attributable renewable generation  impact from all EECBG activities is four million source MMBtu for the

2009 to 2050 period. While the on-site renewable technology BPA accounted for the majority of that
generation (78% of all generated MMBtu) , the financial i ncentives BPA also contributed significantly to
producing renewable energy impacts (18%).

Table ES -4b: Lifetime EECBG - attributable renewable generation

Estimated total ren ewable Estimated renewable
generation  (source generation as percent of
MM Btu ) total generation in all BPAs
(%)
Energy Efficiency Retrofits 156,594 3.7%
Financial Incentives 770,852 ° 18.2%
Buildings and Facilities - -
Lighting - -
On - site Renewable Technology 3,316,077 78.1%
Energy Efficiency and .
gy Efticiency 2,352 0.1%
Conservation Strategy
Total 4,245,875 100.0%
Note:
"-" indicates estimate rounds to zero and is considered imprecise.
"*" indicates estimate exhibits low precision. Estimates may not sum to the estimates reported in the "Total" row due to rounding or
suppression of estimates that round to zero.
8The term fisource Btuo refers to the total energy r equi r esiebythe uimabecdansumera Br i ti sh ther
Site to source Btu conversions are based on: http://www.energystar.gov/ia/business/evaluate_performance/site_source.pdf .
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Tables ES -5a and ES -5b display energy savings  and renewable generation by sector. The majority of
the energy savings occur in the residential sector, with 263 million source MMBtu , followed by the

public institutional ~ sector with 145 million sou  rce MMBtu of energy savings. The large majority of

renewable generation occurs in the public institutional sector.

Table ES -5a: EE CBG-attributable e nergy savings for all BPAs studied by sector (  source

MMBtu )

Residential Commercial Industrial InstiEJLtjiboIrl:;l Instﬁﬂzi/s;zl
Energy efficiency retrofits 4,657,245 929,323 31,934 ° 65,268,690
Financial incentives 216,2 65,347 257,372 7 - 19,368,682
Buildings and facilities 52,084 ° 336,002 ° - 29,594,150
Lighting 39,760,583 ° - - 30,829,502
On -site renewable technology 49,921 - - 18,302
EE and conservation strategy 1,756,020 ~ - - 103,159
Total 262,541,200 1,522,697 31,934 145,182,485
"-"indicates estimate rounds to zero and is considered imprecise.
"*" indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row due to roundi ng or suppression of estimates that round to zero.
Table ES -5b: EECBG -attributable on-site renewableg eneration for all BPAs studied by
sector ( source MMBtu )

Residential Commercial Industrial InstitPul:ib()I:l(;l Instlianxjiitgnal

Energy e fficiency retrofits 9,558 ° - - 147,036 -
Financial incentives 117,255 ° - - 653,597 ° -
Buildings and facilities - - - -
Lighting - - - -
On - site renewable technology - - - 3,316,077 -
EE and conservation strategy 2,352 ° - - - -
Total 129,165 - - 4,116,710
"-"indicates estimate rounds to zero and is considered imprecise.
"** indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppressio n of estimates that round to zero.
ES.5.2. Labori mpacts
Labor impacts by BPA are presented in terms of jobs created or retained . The Regional Economic
Models, Inc. (REMI) economic forecasting model used for this study is a dynamic computable general
equilibrium  (CGE) model with an input - output transaction model at its core .° The REMI model was
designated for this evaluation because it can capture lasting net energy reduction impacts for the
commercial and industrial customer sectors that participated in these pro grams. The model is also
appropriate for depicting changes in household and public agency budgets. When energy efficiency or
renewable generation programs reduce costs to energy consumers, they can support positive job
growth through the added money availa ble to spend in more job  -intensive economic streams
compared to energy related economic streams.
Table ES -6a shows a net total job gain of 62,902 job years for the BPAs studied. This indicates that
one job was created or retained for each $36,260 of progra m expenditures, based on$ 2.2 80 billion in

funding for the evaluated BPAs. It should be noted that the employment impacts from the various

° See Appendix | for a high  -level description of key REMI model features.
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BPAs do not have the same lifetime. For example, lighting effects last until 2030, energy efficiency
retrofits until 2036, energy efficiency and conservation strategy until 2036, on -site renewable
technology until 2036, financial incentives until 2050, and buildings and facilities until 2031.

Table ES -6a: Direct, indirect, and induced jobs cr eated in the U.S. from the studied EECBG
activities
2014 - 2021 - 2031 -
2009 2010 2011 2012 2013 2020 2030 2040 2041 -2050 Total

EE & Conservation 180 508 564 501 33 88 36 -4 0 1,906
Strategy
Financial 1,474 1,925 2,056 2,183 756 -408 1,635 1,705 -1,860 9,467
Incentives
Energy Efficiency 2,152 8,067 9,028 5,296 1,058 3,938 1,845 -233 0 31,151
Retrofits
Buildings & 484 1,464 1,812 950 472 2,236 938 16 0 8,372
Facilities
Lighting -30 1,054 1,025 1,330 1,460 1,765 1,486 0 0 8,090
On -site
Renewable 162 1,122 515 121 -10 690 1,003 224 0 3,916
Technology
Total US 4,422 14,140 14,999 10,382 3,769 8,309 7,033 1,708 -1,860 62,902

Note:

"-" indicates estimate rounds to zero and is considered imprecise.

Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.

Table ES -6b presents the direct job effects occurring as a result of the program funding for EECBG

activities. The values reported are cumulative in the interval within which projects ar e installed and

the program funds were to be disbursed. The cumulative direct job effects are 21,206 job years in the

US for the short -term interval related to EECBG program administration and project deployment

(through 2013). However, the financial incen tives BPA, due to its revolving loan structure, has

installation or technical services contracts, on -going loan administration support, and some prolonged

equipment purchases that extend beyond 2013 (to 2033). Those direct jobs are also shown in Table

ES-6b. Cumulative direct job years are 25,567 through 2033.

Table ES -6b: EECBG -attributable cumulative direct job years for all BPAs studied 2009 1 2033
2009 2010 2011 2012 2013 22001;3 ) Total
EE & Conservation Strategy 6 83 94 79 2 - 264
Financial Incentives 620 1,403 1,465 1,303 665 4,361 9,816
Energy Efficiency Retrofits 797 3,289 3,592 1,776 177 - 9,631
Buildings & Facilities 321 911 709 481 226 - 2,648
Lighting 352 680 716 194 273 - 2,215
On - site Renewable Technology 65 510 305 107 8 - 994
Total US 2,160 6,875 6,881 3,939 1,350 4,361 25,567
Note:
"-"indicates estimate rounds to zero and is considered imprecise.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates th at round to zero.

ES.5.3. Avoided carbon emissions and avoided social cost
estimates

Avoided carbon emissions from the EECBG activities are derived from energy savings, renewable

generation and  some direct carbon reductions from alternative fuels (Tables ES -6aand ES-6b).

Avoided carbon emissions shown in TableES-7a total 25.7 million me tric tons of carbon equivalent

(MMTCE) and are derived mostly from energy savings at 24.9 MMTCE. There are 0.9 MMTCE of

avoided carbon emissions from renewable generation.
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Table ES -7a: Avoided lifetime
mechanism (MMTCE)

carbon emissions from EECBG by BPA and program

Avoided Carbon From
Renewable Generation 2009 -

Avoided Carbon From
Energy Savings

2009 -2050 2050

Energy Efficiency Retrofits 4.54 0.04
Fina ncial Incentives 13.94 0.16
Buildings and Facilities 1.87 -
Lighting 4.42 -
On -site Renewable Technology <0.01 0.68
Energy Efficiency and Conservation 011 <0.01

Strategy
Total 24.87 0.88
Note:
"-" indicates estimate rounds to zero and is considered imprecise.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.

Avoided carbon emissions

avoided carbon emissions occur in the

institutional sector  (9.65 MMTCE) .

Table ES -7b: Avoided lifetime
(MMTCE)

resulting from the six BPAs, rang e from 0.11 MMTCE for e
and conservation strategy to 14.09 MMTCE for
residential sector (16.03 MMTCE), followed by the public

nergy efficiency
financial incentives (Table ES -7b). The majority of

carbon emissions from EECBG activities, by sector and BPA

Residential Commercial Industrial _Pu_bllc Er|yate
Institutional Institutional
Energy efficiency retrofits 0.272 0.045 0.002 4.257
Financial incentives 12.813 0.009 - 1.267
Buildings and facilities 0.003 0.02 - 1.847
Lighting 0.004 - - 0.684
On -site renewable technology 2.823 - - 1.593
EE and conservation strategy 0.1 - - 0.006
Total 16.015 0.074 0.002 9.654
Note:
"-" indicates estimate rounds to zero and is considered imprecise.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.

Avoided social costs

of carbon from EECBG activities total $

1,788 million. As shown in Table ES -8a,

energy savings account for the majority of the avoided social costs at $1.7 billion. Renewable

generation accounts for just under $62 million in social costs

Table ES -8a: Avoided lifetime social costs of ca
program mechanism (thousands of 2009%)

avoided.

rbon from  EECBG activities , by BPA and

Avoided Social Costs From Avoided Social Costs From

Energy Savings Renewable Generation 200 9-
200 9-2050 2050
Energy Efficiency Retrofits $294,270 $2,341
Financial Incentives $1,014,927 $11,494
Buildings and Facilities $119,419 -
Lighting $290,162 -
On -site Renewable Technology $317 $47,998
Energy Efficiency and Conservation $6.824 $30
Strategy

Total $1,725,920 $61,864
Note:
"-" indicates estimate rounds to zero and is con sidered imprecise.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.
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The avoided lifetime social costs of carbon from EECBG activities , by BPA and sector, are shown in
Table E S-8b. The greatest avoided social costs occurred in the Residential sector ($1.16 billion)
followed by the Public Institutional sector ($0.62 billion).

Table ES -8b: Avoided lifetime social costs of carbon from EECB G activities, by sector and
BPA (thousands of 2009%)
Residential Commercial Industrial _Pu_bhc F’rl\(ate
Institutional Institutional
Energy Efficiency retrofits $18,018 $2,856 $120 $275,618
Financial incentives $943,092 $597 - $82,733
Building s and facilities $200 $1,134 - $118,086
Lighting $269 - - $48,047
On -site renewable $190,036 - - $100,126
technology
EE and conservation strategy $6,490 - - $365
Total $1,158,105 $4,587 $120 $624,975
Note:
"-"indicates estimate  rounds to zero and is considered imprecise.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.
ES.5.4. Bill savingsand cost -effectiveness
This section presents findings on bill sav ings and cost - effectiveness indicators for the studied activities
funded by EECBG. Bill savings are presented in 2009 dollars and include utility or energy  bill savings
to customers from the reduced use of energy due to increases in energy efficiency and o n-site

renewable generation

The Recovery Act Cost  (RAC) test quantifies the annual EECBG-attributable savings (measured in
MMBtu of source energy saved per year ) per $1,000 of program expenditures. RAC test results are
presented from a building perspecti ve, which evaluates cost effectiveness of energy savings and
renewable energy generation, and from a system perspective, which evaluates cost effectiveness of

energy savings and conventional energy displaced by renewable generation. 10

The single year EECBG RAC test result s for all studied BPAs at the building and system levels are 9.83
and 10.67, respectively, when including the loan dolla rs extended to participants in f inancing
programs. Three of the BPAs passed the RAC test threshold of 10 (lighting, buil dings and facilities,
and financial incentives).

For the six BPAs studied, cumulative bill savings total $ 5.2 billion through the year 2050, as shown in
Table ES -9, with the majority of bill savings being prod uced by the f inancial incentives and lighting
BPAs followed by e nergy efficiency retrofits.

10 The substantive distinction between the RAC test from the building and system perspectives is the treatment of on  -site renewable

generation. From the building (consumer facility) perspective, on -site generation is considered supplemental electricity that does not
incur transmission or production losses. From the system (electric grid) perspective, on-site generation replaces a need for conventional
electricity generation such that the total displaced electricity is used in the RAC test numerator. In contrast, utility scal e renewable
generation is always assumed to displace conventional electricity.

1 A benchmark sc ore of 10 was established by DOE, meaning that any ratio of MMBtu of source energy saved per $1,000 of program
expenditures that exceeds 10 can be considered cost - effective.
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Table ES -9: RAC test result and lifetime  bill savings for BPAs studied

Metrics RAC Test Result RAC Test Result Bill Savings
(Building) (System) ($Thousands)

Energy Efficiency Ret rofits 5.18 5.20 $748,188
F|_r1ar_1C|aI Incentives (with loan 9.76 9.92 $2.742,413
principal)
F|_r1ar_1C|aI Incentives (without loan 14.97 15.20 $2.742,413
principal)
Buildings and Facilities 13.70 13.70 $260,377
Lighting 39.17 39.17 $1,312,710
On -site Renewa  ble Technology 0.90 2.92 $123,550
Energy Efficiency and
Conservation Strategy 286 287 $21,192
Total (with loan principal ) 9.64 10.47 $5,208,429
Total (without loan principal ) 9.83 10.67 $5,208,429
Note:
"-" indicates estimate rounds to zero and is co nsidered imprecise.
" indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.
The PV ratio compares the present value of participant bil | savings attributed to EECBG against the
present value of EECBG program funding. A ratio greater than 1.0 means the lifetime discounted -value
of EECBG - attributable bill savings is greater than total EECBG funding. For this analysis , a discount
rate of 2.7 %was applied. This -fmaeedirsealhei miJs BO&yRdr Treasuty ®ond ns
in 2009 and reported in OMB circular A -94.'2 Results are presented in a range from0.7 % to4.7 % to
assess the sensitivity of the findings.
Three BPAs i financial inc entives, lighting, and buildings and facilities T had ratios greater than one.
As a whole all six BPAs had a PV ratio of 1.76, indicating EECBG-attributable bill savings is greater

than total EECBG funding
Table ES -10: PVratio for BPAsstudi ed

Discount Rate 0.70% 2.70% 4.70%
Energy Efficiency Retrofits 0.66 0.56 0.49
Fmar_]ual Incentives (with loan 4.95 3.77 295
principal)
Fmar_mal Incentives (without loan 761 5.79 451
principal)
Buildings and Facilities 1.18 1.05 0.94
Lighting 6.37 5.38 4.6
On - site Renewable Technology 0.72 0.57 0.47
Energy Eff_l(:lency and 0.31 0.97 0.23
Conservation Strategy
Total (with loan principal) 2.18 1.76 1.44
Total (without loan principal) 2.37 1.91 1.57

ES.6. Organizational Performance

The ob jective of the performance analysis was to determine if there were organizational or operational
aspects of the EECBG program that could be identified as having a statistical relationship to the
energy savings achieved per grant dollar spent. An understan ding of such factors related to
successful performance could be helpful to public policy makers, program managers, and other parties
interested in allocating funding for the adoption and effective utilization of energy efficiency and

renewable energy techn  ologies. Using available program data and secondary sources, the contractor
12 OMB. Circular A -94, Revised, Guidelines and Discount Rates for Benefit -Cost Anal ysis of Federal Programs AOMB Budget
Assumption, 0 December 26, 2013. http:// www. whitehouse. g20Mpdéi tes/ defaul t/fil
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team used a regression framework to attempt to identify key organizational and operational
characteristics that explain the relative level of savings achieved per grantdollar expe nded .

Various iterations of the statistical models were performed in order to assess whether grant activity
performance could be explained by the operational variables of interest. We conducted both

univariate (one at a time) and multivariate (all at o nce) regression analyses in an attempt to extract
any insights of value 3. Since the point of the study was to isolate the impact of operational and
organizational factors on performance (rather than equipment or energy saving measures), we

eliminated othe r variables that were directly related to I andincluded in 7 the development of the
dependent variable  (i.e., the energy savings impacts ). For example, we did not include in the model
variables related to what kinds of measures or equipment were installed through the grant program

because they were already taken into account in calculating the energy savings. We wanted to
determine: What else  might be having an impact on the energy savings per grant dollar achieved?

The findings from the statistical regr ession modeling effort indicate some significant relationships

between program performance, defined as EECBG -attributable energy savings per dollar spent, and

selected performance factors. The regression analysis  with the best result showed that 13 variab  les
explained 68% of the result (R-square =0.68) for 148 grant activity records that were include d inthe
model , with the BPA categories of financial i ncentives and lighting having the highest explanatory

value for grant performance. Finally, a univariate regression analysis was run on each of the

independent variables and while no single variable explained more than 15% (R -sg=.15) of the
variability of the dependent variable , the top three variables with any explanatory value at all were

BPA categories . Detailed results from the performance factors analysis can be found in Chapter 4 of

the report and Appendix L.

ES.7. Evaluation Approach

The basic steps of the study approach are presented in Figure ES -1.

13 Regression analysis is defined as a statistical procedure to determine the relationship between the depe ndent variable, in this case the
savings per $1,000 of EECBG funding, and independent variables such as whether or not a project included an energy audit.
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DOE Data Surveys Followup Surveys

PAGE Database Telephone and Web : L
Activity Data from Surveys with Activity Wll\t/lr;ﬁ‘gt';'rgy
DOE Project Officers Managers 9

Engineering Desk

Review
Energy Savings and Avoided Carbon . .
On-site Renewable Net Job Creation Emissions and Social Bill Zﬁ‘ég?vseﬁggscea
Generation Costs

Figure ES -1: Summary of EECBG evaluation approach
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The first step in the study was to review the available program data and assess the evaluability of the

program activities, starting with the acqui sitinformatonf pr ogr am
system . The next step was to identify the most heavily funded BPAs that, in combination, accounted
for approximately (but no less than) 80% of total EECBG program funding. The resultant BPAs

constituted the  target population for this evaluation.

For each sampled activity , activity ¢ ontact s who completed the survey were subsequently asked to
provide various data files and provide additional information via a web -based data collection system.
These additional data items were used to estimate the energy impacts of their grant . Of the 562
activities selected for this evaluation , 317 contacts were interviewed . Ofthese, 169 were considered
evaluable, meaning they submitted information necessary to estimate energy impacts ,and they
represent the set of final respondents for this evaluation. Table ES -11 shows the number of activities
sampled and evaluated by BPA.

Table ES -11 : Study sample by BPA

14

Sample Frame BPA Frame Selected CATI Evaluable
Activities Sample Respondents Respondents
Energy Efficiency R etrofits 2,187 277 160 82
Financial Incentive Program 320 83 49 14
Buildings and Facilities 667 70 40 25
Lighting 572 58 33 24
On-site Renewable Technology 400 52 27 19
En_ergy Efficiency and Conservation Strategy 560 29 8 5
(Direct Grants)
Total 4,70 6 562 317 169
After activities were determined to be evaluable, the activity evaluation phase began. During this
period the contractor team collected activity -specific data and evaluated energy savings and
renewable generation impacts over the effective useful life *® of all efficiency measures and renewable
technologies for the selected activities. The EECBG Evaluation employed a n engineering analysis based
on technology installation and use conditions as the method for  estimat ing EECBG-attributable saving s
for each of the six selected BPAs. The BPA -level savings were then used to estimate impacts for the
other program outcomes: net job creation, avoided carbon emissions and social costs , bill savings and
cost effectiveness, and performance factors. The eva luation of the EECBG program utilized information
obtained from three key data sources:

1 Program Records -DOEb6s Performance and Account abRAGEty for Gr ani
information system  and activity documentation and records reported by EECBG activit y
managers

14The sample frame BPA may differ from a final acti vnactytywasB&signeddrariogeBRPAi on, i f during
to another. For example, if an activity was in the Energy Efficiency Retrofits BPA in the original sample, but when evaluated it had been

mostly renewables, it would be re -classified as an activity in the On - Site Rene wable Technology BPA. However in this table, that activity

would appear in the Energy Efficiency Retrofits BPA.

15 The effective useful life is defined as the number of years over which the new (efficient) equipment is expected to be mainta ined at the

effic ient condition for which it was intended. Energy savings from efficient equipment is zero after the end of the EUL.
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1  Primary Data Collection - Telephone and web -based surveys with EECBG  activit y project

managers who are closest to the activities sampled . This include d a telephone survey to verify
basic activity information and budgets and identify the correct re spondent to provide
additional grant detail , followed by a self-administered web -based survey where detailed

information regarding specific measures and energy efficiency projects are provided.

71 Clarification Interviews - Follow -up interviews with  activit y project managers to obtain
additional activity  -specific information required for the evaluation that is not provided by the
program databases or the telephone surveys.

The contractor team collected grant and activity level data from the above sources foru sein
calculation of evaluated outcomes. Details regarding the specific methods used for impact evaluation
are described in  Section ES7.1.

The final stage of the evaluation was the BPA expansion, wherein key data parameters for the 169
sampled activities were extrapolated through a sample weighting process to the BPA s they
represent. ® Energy savings and renewable generation estimates at the BPA level were derived directly

from expansion of the verified activity level findings. Other evaluated outcomes, inc luding avoided
carbon emissions, cost effectiveness, and labor impacts, required additional calculation steps at the

BPA level to generate final impacts.

ES.7.1. Overall impact estimation m ethods

The estimation of activity -level energy savings from energy efficie  ncy and on -site renewable

generation was conducted in two steps. The first step estimated the overall energy savings and
renewable generation  achieved by the activity in response to all resources provided, regardless of

source. The second step estimated EE ~ CBG-attributable impacts , which is the portion of overall impacts
that is due to the EECBG contribution and would not have occurred without it. Impacts were calculated
by year and assumedtoend for a particular measure when the measure life ends and the m easure is

effectively replaced with similar technologies in kind; however, the replacement technology stock is
not counted as contributingto  EECBG- attributable impacts. The impact calculation methods used to

estimate overall impacts for each studied BPA a re shown in Table ES -12. Each of the impact

calculation methods are explained in more detail Appendix F.

16 The final combined sample size of 169  varied substantially by BPA. The number for each BPA ranged from 5 activities (energy efficiency
and conservation strategy 1 direct grants BPA) to 86 activities (energy efficiency retrofits BPA). To ensure the sample adequately
represented the population of activities, we controlled for sampling error in two ways. First, the sample was stratified by funding levels
and sampled within each stratum to minimize the margin of error of the results. Second, rigorous follow -up data collection attempts were
made with each respondent to minimize the exclusion of sample respondents and thus avoid produc ing resul ts that are not representative

of the population.
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Table ES -12: Overalli mpact calculation  method s used by BPA

. . Number of
Impact Calculation Method Applicable BPAs — .
Activities  in Group
Direct Indirect
Standard Calculation Tool Energy Efficiency Retrofits 77 9
(Section F.4 ) Financial Incentives Programs 8 6
Building and Facilities 13 5
Lighting 25 2
Standard Renewable Protocol On-site Renewable Technology 18 1
(Section F.5 )
Standard Calculation Tool Energy Efficiency and Conservation 5 0
(Section F.4 ) or Strategy
Secondary Research
TOTAL 146 23
The following provides a brief summary of each impact estimation method:
Standard Calculation Tool (SCT): This tool is a collect ion of engineering -based calculations that allow s
the user to estimate energy savings for 19 residential and 11 nonresidential energy efficient
measures. The SCT operates much like an automated evaluation results -based Technical Reference
Manual for energy  efficiency actions. The contractor team assembled the measures into a software
application that prompts the user for the inputs necessar y to complete calculations based on existing
technical reference manuals. T he user can then estimate energy savings for measures located
anywhere in the country using input  data that can vary greatly in terms of content and quality. o
Standard Renewable Protocol: Calculation methods were standardized for each of the following
renewable technologies, using publicly available tools and methods: biomass combustion
systems, 8192021 photovoltaic systems, 22 solar water heating ,% and wind systems 4.
o The SCT is based on engineering algorithms and assumptions from previously -vetted TRMs, where available, and standard industry
engineering best practices. Site - specific operating and equipment informati on was used as the primary calculation input. Where
necessary, consistently  -determined assumptions were used based on TRMs, secondary -source studies, an d DNV GL professional
judgment . We reviewed 22 national, regional, and state -level technical reference manuals (TRMs) to identify the best ones as judged
on transparency and national applicability of source information, nationally relevant or modifiable algorithms, and range of measures
per sector. Based on these selection criteria, nine TRMs were designat ed as preferred sources, including: ENERGY STAR, Regional
Technical Forum (RTF) in the Pacific Northwest, Mid - Atlantic, Pennsylvania, Ohio, Wisconsin (nonresidential), New York, TVA, and Texas
(residential).
1SﬁAn Analysis of Energy PnaduobionDiCgesti 6noBy#dtems on U. S. Livestock Production Fa
USDA, NRCS, October 2007.
19Burke, Dennis A., P. E. ADairy Waste Anaerobic Digestion Handbook. o lypgage 38. Enviro
WA 9 8516. June 2001.
2

0 American Society of Agriculture and Biological Engineers, ASAE D384.2: Manure production and characteristics, The Society for
Engineering in Agriculture, Food and Biological System, St. Joseph, MI, 2005.

John H. Martin, A Protocol for Quantifying and Reporting the Performance of Anaerobic Digestion Systems for Livestock Manures , ASERTI,
USDA i Rural Development and EPA AgStar, ( www.epa.gov/agstar/pdf/protocol.pdf ), January 2007.

PVWatts version 1. A Performance Calculator for Grid -Connected PV Systems.  NREL.
http://rredc.nrel.gov/solar/calculators/PVWATTS/version1/ (accessed June 17, 2013).

RETScreen In ternational. Natural Resources Canada. www.retScreen.net _ (Accessed October 7, 2013)

Wind Energy Payback Period Worksheet version 1.0. NREL http:/ /www.nrel.gov/wind/docs/spread_sheet_Final.xls (Accessed October 9,
2013)
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ES.7.2. EECBG - attributable impact estimation methods

Once overall energy impacts were calculated for each sampled activity, the next step was t 0 estimate
the extent to which ~ those impacts ¢ ould be attributedto = EECBG support rather than some other
influence . EECBG-attributable savings were estimated from using a standard methodology across all

169 activities thataddressedt he extenttowhich a sample d activity 6 gstimated energy impacts were
due to the influence of EECBG.

The EECBG activities focused on providing individual market actors with the information, tools, and

incentives need ed to induce or accelerate the adoption of targeted energy e fficiency and renewable
energy measures in specific projects. Assessment of attribution for these programs relied on program
manager reports, which provided insight into how key decision makers made choices. The
methodology applied for assessing attributi on addressed two questions:

What would the market actors targeted by the sample activity have done in regard to adopting the
activity -supported technology or service in the absence of the program?

In instances when two or more programs, including the EECB G activity, target the same outcomes in
the same domain, to what extent are observed outcomes attributable to one program or another?

The attribution methodology used in this evaluation is explained in more detail in Section 2.5 and
Appendix G.

ES.7.3. BPA level s avings estimation

All energy savings estimates presented in this report were computed using a direct survey estimation

technique. With this technique, estimates of totals such as EECBG -attributed energy savings by source
are computed by weighting the data from each sampled activity with a calibrated sample weight that

accounts for both the random sample selection process and the activity -level nonresponse that was
encountered during data collection. The BPA -level estimates of energy savings presented in th is report
were , therefore , computed by weighting the sample activity -level data with an expansion factor so

that the result ing estimates represent the entire EECBG population of activities within each BPA.

Estimates for labor impacts, avoided carbon emiss ions, bill savings, and cost effectiveness  were
generated using various regional BPA -level estimates to allow for the appropriate cost factors to be
applied. The performance factors were generated using various models and algorithms that employed
direct su rvey estimates as inputs. Additional information regarding the BPA -level impact
methodologies can be found in Section 2.5.2 and Appendi x H.

ES.7.4. Labori mpacts

Job impacts from EECBG occur in response to initial program -related spending within a BPA (i.e. direc t
spending by cities, counties, state agencies or Indian tribes  to run programs or spending by an energy
customer ). In the short -term, these expenditures create new orders or contracts for installation labor ,
and use some portion of U.S. -manufactured equip ment. Inthe long -term, positive job impacts also
emanate from newly installed systems when the cost savings from the new equipment are used to

purchase other goods and services . Over time, there are additional transactions that emerge and
multiplyfrome ach progr amébs di (calledtmultiptien effects f g dhe indirect multiplier effects
account for situations such as when a U.S. manufacturer receives an order for a more efficient heat
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pump, and the manufacturer must transact with suppliers in orde r for the pump to be made,
assembled , and sold to the customer.

The EECBG evaluation employed the Regional Economic Models, Inc. (REMI) economic forecasting

mod el for this study because it capture s lasting EECBG-attributable energy -reduction impacts and, in
particular, energy bill savings . The model is also appropriate for depicting changes in household and

public agency budgets . A detailed description of the model is provided in Section 2.5.3 and Appendix
I

ES.7.5. Avoided carbon emissions

Carbon impacts atthe  BPA level were calculated by applying the appropriate emission rates to the

verified EECBG-attributable energy impacts from each BPA. State -level non-baseload emission rates
from EPAds e ® weraappiien tbelectricity savings and conventional elect ricity displacement
from renewable sources since the mix of fuels used to generate electricity varies regionally ;
nationwide emissions rates from EPAb6s Climate Leaders GreenQBRovarse
used for other fuels .%” The appropriate emission rates were applied to the EECBG-attributable energy
savings from energy efficiency or renewable generation and aggregated to the BPA level. Emissions

from energy efficiency  and displaced energy from  renewable generation were then aggregated to
determine th e total carbon impact for each BPA.

Additional detail regarding the avoided carbon emissions methodology can be found in Section 2.5.4
and Appendix J.

ES.7.6. Bill savings and Cost Effectiveness

The EECBG evaluation applied the RAC test, established by DOE to mea sure the cost - effectiveness of
ARRA period program investments. A benchmark score of 10 was established by DOE, meaning that

any ratio of MMBtu of source energy saved per year per $1,000 of program expenditures that exceeds
10 can be considered cost  -effect ive. 2 RAC test results are presented from a building perspective,

which evaluates cost effectiveness of energy savings and renewable energy generation, and from a

system perspective, which evaluates cost effectiveness of energy savings and conventional ene rgy
displaced by renewable generation. The substantive distinction between the RAC test from the building

and system perspectives is the treatment of on -site renewable generation. From the building

(consumer facility) perspective, on -site generation is con  sidered supplemental electricity that does not
incur transmission or production losses. From the system (electric grid) perspective, on -site
generation replaces a need for conventional electricity generation such that the total displaced

electricity is use d in the RAC test numerator. In contrast, utility -scale renewable generation is always
assumed to displace conventional electricity.

25H. Pechan & Associates, Inc., AThe Emissions & G®I0¢GCRID20ID)TecRicalour c e

Support Document, o Prepar ed f oProtedtibneAgdicyfficeBnAtmospleencrRograma, IClean Air
Markets Division, Washington, D.C., December 2010.
26 U.S. Environmental Protection Agency, OAR, Climate Protection Partnerships Division. Climate Leaders Greenhouse Gas
Inventory Protocol, June 2014.
http://www.epa.gov/climateleadership/documents/resources/stationarycombustionguidance.pdf .

# Note that the source energy displaced from renewable sour ces is different than the source renewable energy generated. Tables with the
source energy displaced from renewable sources b y BPA can be found in Appendix M

28 ASEP Recovery Act Financial Assistance Funding Opportunity Announcement , Marchdz 20090n 5.7, pg 28.
http://energy.qgovi/sites/prod/files/edg/media/ARPA -E_FOA.pdf (accessed November 15 2014).
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It should be noted that while t he RAC test captures only the energy savings cost benefits, there are

other cost -effectivene ss metrics that could be examined that address different EECBG benefits and
objectives. This is especially true for renewable generation where the primary objective was avoided
generation of fossil fuels and the associated reduction in carbon emissions , ratherthanon -site
electricity savings.

A present value ratio was also computed to compare the present value of EECBG-attributable
participant energy bill savings to the present value of program expenditures . For this cost -
effectiveness test , a ratio gre ater than 1.0 means the lifetime value of the bill savings is greater than

total program spending, and a ratio below 1.0 means that program spending exceeds the lifetime
value of the energy bill savings . For this analysis, a discount rate of 2.7% is appli ed.®

Additional information concerning the bill savings and cost effectiveness methodologies used in this
evaluation can be found in Section 2.5.4 and Appendix K.

ES.7.7. Organizational and o perational  performance  factors

The e valuation of the EECBG program inclu ded an investigation into the potential relationship between
various program organization and operational features and performance , defined as the amount of
EECBG-attributable energy saved per grant dollar expended. This w as done through a  statistical
reg ression analysis using energy savings per dollar spent as the dependent varia  ble, witha set of
independent variables representing factors  relevant to the operation of the grant activity, the context

of the state in which the activity was conducted and sel ected other factors. The specific factors of

interest were identified by the evaluation team and its advisors and relevant data were collected
through questions placed in the survey of grant managers. Data on o ther variables of interest were
obtained from  secondary sources and included heating and cooling degree days, unemployment rate,

and retail rate of electricity averaged over the grant period (2009 -2011).

More information regarding the methodology used in conducted the performance assessment can
found in Section 2.5.6 and Appendix L.

29 For this analysis, a discount rate of 2.7 pe rcent is applied. Threebatealsinher @st sykanTreasurybbond h e

as of 2009, as reported in OMB circular A -94. % We also provide results using a range of discount rates from 0.7 percent to 4.7 percent
to assess the sensiti  vity of these results.
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1. INTRODUCTION

This report presents the findings, methodology , and results of an evaluation of the Energy Efficiency
and Conservation Block Grant (EECBG) Program, a national program administered by the us
Department of Energy (DOE) . The study was carried out by an independent evaluation team led by

DNV GL, with oversight from Oak Ridge National Laboratory (ORNL) and its advisors. The evaluation

covered the entire  formal program  period from 2009 12011, allowing for som e grant extensions that
stretched into 2013. ¥

The principal objective of the EECBG evaluation was to develop independent estimates of the following

key program outcomes: 3!

1 Reduction in energy use and production of energy from renewable sources,

1  Generat ion of jobs through the funded activities,

1 Reduction in carbon emissions associated with energy production and use, and

1 Reduction in energy costs and program cost -effectiveness .

All impacts reported are EECBG  -attributable impacts, meaning they are the imp acts that occurred as a

result of EECBG funding.

In addition, a performance analysis was performed to search for organizational and operational factors
that could affect the energy savings achieved per grant dollar expended.

1.1. Program description

The EECBG program was created to help eligible state and local government entities and Indian tribes
develop, promote, implement , and manage energy efficiency and conservation efforts

EECBG was authorized by Title V, Subtitle E of the Energy Independence and Securi ty Act (EISA) , and
signed into law December 19, 2007. EECBG was funded by the 2009 American Recovery and
Reinvestment Act (ARRA), and ran for one program cycle under the direction of DOE. The Funding
Opportunity Announcement (FOA) for formula grants was is sued June 25, 2009 and closed June 25,

2010. The EECBG program was designed to enable grant recipients to create and implement projects
to:

1 Reduce fossil fuel emissions
1 Reduce total energy use , and

1 Improve energy efficiency in the building and transport ation sectors.

More than $2.7 billion was distributed through formula grants 3 to 2, 187 cities, counties, states,
territories , and Indian tribes across a range of 14 program categories referredtoas broad program
areas (BPAs). The grants funded slightly lessthan 7,500 individual programs, projects , Or activities

80 At the time of this report, there are still some programs in closeout and one grant that is still active.

st According to the Government Accountability Office, this evaluation is an impact evaluation, which is a subset of an outcome evaluation that

assesses the net effect of a program. This report will refer to the evaluationos
82 Federal formula grants use a specific formula  to calculate the distribution of funds to states .
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(referred to hereinas  activities) .3 Grants could be used for a range of initiatives including energy

efficiency building retrofits, financial incentives, building code support, renewable energy installations,
distributed energy technologies, transportation activities, recycling and waste management efforts,

and other activities approved by DOE.

Figure 1-1 summarizes how the funds were distributed across the scope of the program.

2, 187 cities,
$2.7 billion total grant counties, states, 7,479 grant

14 broad
program areas

funding given to... etc. for activities across... (BPAS)

implementing...

Figure 1-1: Scope of the EECBG program

Table 1-1 shows the final distribution of grant activities across the full range of BPAs. The table shows
the number of  activities and percent of program funding received for each BPA . The table also shows
the cumulative funding total for the BPAs. The first six BPAs  (highlighted in bold  in the following table )
represent 8 2% of the dollars spent under EECBG and 74% of the total number of activities. The

EECBG evaluation focused onthe  se six BPAs.

83 7,394 activities were listed in the PAGE database as of March 2011. This figure did not include activities funded through sub -grants of
EECBG funds to states, so the total number of funded activities is higher.
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Table 1-1: Distribution of EECBG grant activities by BPA

Cumulative

Funding
Energy Efficiency Retrofits 38.8% 38.8% 2,525
Financial Incentive Program 17.9% 56.8% 361
Buildin gs and Facilities 9.7% 66.5% 784
Lighting 7.1% 73.6% 637
On - site Renewable Technology 6.0% 79.6% 456
Sy iy and Sonsengor
Transportation 4.3% 86.4% 533
Other 2.8% 89.2% 79
Technical Consultant Se  rvices 2.4% 91.6% 518
Eﬁjiﬂﬁg’ﬂgl and Commercial Buildings 230 93.9% 443
Sy ey Consrgton 2
Material Conservation Program 1.2% 97.2% 164
Energy Distribution 1.1% 98.3% 68
I\R/I?a(tj#:rt:g/n(é r;irﬁglzi: fGases 1.1% 99.3% 42
Codes and Inspections 0.7% 100.0% 110
Total 100.0% 7,479
!Activities in the EECBG  program are classified into 14 BPAs. The energy efficiency and conservation strategy BPA has been split into direct
and indirect grants because the indirect portion of this BPA is outside the target population for this evaluation. Indirect grant s in this BPA are

excluded due to the inability to obtain a respondent in this group for this evaluation.

1.2. Evaluation objectives and approach

1.2.1. Evaluation  objectiv es

The work carried out in this study was guided by an evaluation plan provided in a competitive
solicitation issued by ~ ORNL, the agency responsible for overseeing independent evaluation of the

program. The evaluation plan outl ined two key objectives for the study

1 Objective 1:  Accurately quantify the principal outcomes achieved by DOE6s $2.7 billion for mul
grant investment in energy efficiency .

1 Objective 2: Determine the most effective types of activities supported by the pro gram , and

identify key organizational and operational characteristics related to successful performance.

To meet the objectives of the study, the evaluation focused on three critical research questions
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1. Whatisthe total lifetime magnitude ofimpacts achieved by the six studied BPAs , together , for

each of the following outcomes? %

- Energy savings and on -site renewable energy generation (expressed in source MMBtu )**

- Labor impacts (expressed as the net number of jobs created)

- Avoided carbon emissions (express ed as million metric tons of carbon equivalent (MMTCE)
reduced) 3¢

- Bill savings and cost -effectiveness (expressed as both cost and energy saved per dollar spent)

2. What is the lifetime  effect of the above -named outcomes achieved by each of the six studied BPA s,
individually?

3. What are the key organizational and operational factors influencing the magnitude of EECBG
outcomes? Performance  was defined as the amount of energy saved per dollar spent, a figure that
was then used as the dependent variable in a regres sion model that examined a range of possible
variables.

The methodologies used  to answer these questions are described in Section 2 of this report. Results
associated with questions 1 and 2 are presented in Section 3, and results associated question 3 are
presented in Section 4.

1.2.2. Summary of  evaluation approach

The EECBG evaluation was based on an engineering analysis used to estimate EECBG - attributable
savings for each of the six selected BPAs. The BPA -level savings were then used to estimate impacts

for th e other program outcomes: net job creation, avoided carbon emissions, bill savings and cost -
effectiveness, and performance factors. Figure 1-2 onthe nextpage summarizes the evaluation
approach.

The key components in the evalua tion included:

Characterizing the full set of EECBG program activities in terms of BPAs and measures of size. The

principal objectives of this step were to:

1 Develop the sample frame from which the individual program activities to be evaluated were
selected and analyzed

1 Develop the information needed to expand the results from the sampled program activities to
estimate total impacts for the BPA groups

1  Gather information on the level and quality of available program documentation, which was used
to make the f inal determination of engineering approaches that were used

Developing the sample of individual program activities for evaluation . The contractor team selected a

primary sample of 562 program activities from the total pool of grants and sub -grants listedi n PAGE.

34 As directed by DOE, effects were studied through 2050. For some revol ving loan programs, it is possible that program effects would
continue after 2050, but those future effects were not included in this analysis.

35 Energy savings, such as reduced consumption of electricity or natural gas, is the primary objective of EECBG grants and thus the
evaluation did not include an estimation of demand impacts.

3 Carbon emissions use energy savings from energy efficiency and displaced energy as a result of renewable energy generation
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Evaluability Assessment of EECBG

Activities AReview activities from PAGE database to determine eligibility

ASample design of activities from six BPAs that cumulatively
accounted for approximately 80% of total EECBG funding

Sample Design

ATelephone and web surveys with EECBG grant activity

Dl Chelliesien managers selected from the sampled BPAs

AData review and preparation for subsequent analyses

geiEaieel AEECBG- attributable impact estimation for sampled activities

AEstimate energy savings and renewable generation, avoided

BPA Estimation carbon emissions, bill savings and cost - effectiveness ratios
ARegional Economic Models, Inc. (REMI) model for labor
impacts

Organizational/Operational

Aldentify economic and project characteristics that influenced

Factors Influencing Program the savings achieved by program
Performance

Figure 1-2: Overview of study A pproach

Assessingt he fieval uabilityo of the sampl eThedomrdciovtéachual program ac
developed a set of criteria for determining whether a program activity thatw as selected for the
sample had adequate information concerning the energy -saving actions taken to render a reasonable

estimate of outcomes.  The steps included the following:

1. Confirm progress in implementation.
Confirm the availability of program records and the completeness  of those records

3. Use the telephone survey to eliminate non -energy -producing activities, such as activities for
administrative support.

Of the 562 sampled activities , 317 completed the evaluability stage representing a 56% response rate

Conduct ing_engineering _analyses to estimate energy impacts of the selected activities. Each activity
selected in the sample was assigned to a project engineer to review all available data , associated with

the activity . A total of 169 of the 317 activities completed t his stage in the process , which yielded a
response rate of 53%. The total evaluation response rate for the telephone survey results and the
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impact evaluation  combined was 30%. 3’ All estimates and results presented in this report were
derived from the 169 resp  onding activities.

The contractor team quantified the energy savings for each of the 169 activities . The savings
estimates were based upon data and information from the following sources:

1 Activity data and documentation including grant applications and qu arterly reports from PAGE
1  Additional documentation for the activities provided by the DOE Program Officers
1  Telephone and web surveys with the activity project managers
1  Follow -up telephone interviews with the activity project managers who  were directly inv  olved and
most knowledgeable of the activity to obtain additional information required for the analysis that
was not available from either the various DOE databases or surveys
These data were combined with documented input assumptions and used in industry standard
engineering formula to estimate savings for all or a sample of participants . These engineering
formulae have been vetted and used throughout the energy efficiency evaluation industry. This
included: 3®

1 Attribut ing estimated energy impacts to EE CBG and other sources for the individual program
activities . For each selected activity , analysts determine d what portion of estimated energy
impacts was attributable to the EECBG program and what portion was due to other influences,
such as general develo pments in the market or activities of other organizations offering similar
kinds of programs or services. Attribution of effects was assessed separately for each selected
activity studied , and was based on information collected from the activity managers. Impacts are
assumed to end when the measure life ends and the measure is  effectively replaced with similar
technologies in kind; however, the replacement technology stock is not counted as contributing to
EECBG- attributable impacts.

1 Estimat ing energy cost savings . For each selected activity , analysts calculated the value of annual
energy savings and bill savings over the effective useful life % ofthe activity .

1 Estimat ing effects of individual activities on carbon emissions . Estimates of annual and lifetime
energy savings attributable to the program were used asinputs for a carbon emissions reduction
model based on the carbon content of fossil fuels and electricity consumption avoided.

1 Estimat ing effects of individual activities on employment . The energy sa vings estimates were
combined with other program information & such as matching funds, participant expenditures for
labor and materials, and direct program expenditure sd and were used as inputs into a regional
economic model to estimate net employment impacts

Once the individual  activity evaluations were completed and reviewed for accuracy and completeness,
the results were aggregated to the BPA level.

87 The final sample size in the BPAs of 169 ranged from 5 activities (energy efficiency and conservation strategy 1 direct grants BPA) to 86
activities (energy efficiency retrofits BPA). To ensure the sample adequately represented the population of activities, we ¢ ontrolled for
sampling error in two ways. First, the sample was stratified by funding levels and sampled within each stratum to minimize the margin
of error of the results. Second, rigorous follow -up data collection attempts were made with each respondent to minimize the exclusion
of sample res pondents and thus avoid produce results not representative of the population.

38 This approach is commonly referred to as engineering -based assessment or statistically adjusted engineering assessment.

89 The effective useful life is defined as the number of years over which the new (efficient) equipment is expected to be maintained at the
efficient condition for which it was intended. Energy savings from efficient equipment is zero after the end of the EUL.
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1.3. Guidance on interpreting the findings in this report

This study was based on a complex sample design , and the data were analyzed using sample weights
created from a multi  -phase weighting process (summarized in Appen dix C). *© Proper interpretation of

the results of such complex studies requires consideration of v arious caveats that are typical and
expected for such an evaluation. When reviewing the findings presented in the remainder of this
report, the following should be noted:

il

Estimates are derived from a selected probable sample of activities , and therefore, like all
sampling approaches, are subjectto samp ling error. Sampling error occurs due to variations
inherent in the sample selection and data collection methodologies used. Estimates of sampling
error associated with several statistics are presented in Appendix M in the form of a margin of
error . The sa mpling error for some statistics can be large due to the small sample size and high

degree of variability =~ across the data used to derive an estimate.

All tables in this report employ the following conventions:

- "-"indicates that the estimate rounds to zero and is considered imprecise. Note that an
estimate that equals zero, or rounds to zero, does not necessarily mean the corresponding
population parameter is zero. Estimates are derived from a sample and , as noted above, are
subject to sampling error. The r elative sampling error associated with small estimates is
generally large in this study due to the small sample size and high degree of variability in the
data collected from the activities .

- ""indicates that the estimate exhibits low precision. Low preci sion estimates have a relative
standard error greater than 75% , orasample of fouror fewer BPA activities.

Estimates considered imprecise, or that exhibit low precision, should be interpreted cautiously.

The estimates may differ greatly from the popula tion parameters that they estimate. However,
these estimates are useful as a measure of what was observed with the sample of activities
selected for this study.

Estimates presented in any table may not sum to the estimates reported in the "Total" row and

AfiTotal o column due to rounding, suppression of estimates
associated with estimates changed in a row or column.

The precision of estimates associated with energy savings, renewable generation, and bill savings

is sum marized in Appendix M.

Estimates of precision are not presented for labor impacts, avoided carbon emissions , and several
cost - effectiveness estimates presented in this report. These estimates, however, are subject to
sampling error that is likely of the sa me magnitude as that reported for the energy impact and bill
savings estimates.  This is discussed in Appendix M.

“ Each responding  activity was  assigned a sample wei  ght, or expansion factor, that was used during the final analysis and estimation process

to form appropriate estimates for the entire target population from the respondent data. The activity -level weights that allowed the
activity -level results to expand back to the BPA target population consisted of several components. These included the inverse of the
probability of selecting the activity, adjustments to account for nonresponse at the CATI and evaluation phases of data colle ction, and

several components  that were applied to calibrate the weighted funding estimates to the best estimate of total target population
funding for each BPA that was available at that stage in the weighting process.
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1.4. Limitations of the Study

This evaluation was supported by a healthy budget and timeline and was based upon sound evaluation
practice and metho dology. Even so, a few factors contributed to potential limitations of the study and
are acknowledged here:

1. Lack of direct contact with project managers and end users I The study design, which was
crafted to maximize the number of activities studied, did not allow primary data collection
from end users and direct project managers. Rather, surveys were conducted with program
managers that administered the grants.

2.  The Organizational Factors analysis produced interesting but limited outcomes that would
be nefit from a larger set of questions and separate analysis by BPA, two features that were
not possible under the scope of this study, but that might prove fruitful in future investigations.

3. One time nature of the EECBG Program i Although not a limitation o f the evaluation, it should

be noted that t he EEC¢Cih&napre may hawecdnsributed e  to difficulties in

getting detailed surveys completed after program operations had ceased

1.5. Structure of the report

The remainder of this report is organi zed as follows:

1 Section2 - Methodology: This section presents an overview of study methods, sampling, research

and data collection activities, outcome estimation approaches, and weighting methods. Much of

the detailed description of methodologies is prese nted in the appendices .

1 Section3 - EECBG findings by outcome: For each outcome, the total impacts are presented,
followed by BPA -specific estimates.

1 Section4 - References: This section lists all references cited in the study.

The appendices are located i  n additional volume s. The appendices cover all detailed methodologies,
research activities, data collection dispositions, survey instruments, and summary tables of detailed
energy impacts and customer bill savings by fuel type.

Table 1 -2 lists the ap pendic es included in the study.
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Table 1-2: EECBG report appendices

Appendix Appendix Title

Appendix A. Summary of Research Planning Activities

Appendix B. Final Data Collection Disposition

Appendix C. Detailed Sampling and Weighting Methodology

Appendix D. Final Evaluability Assessment Methodology

Appendix E. Final BPA Population Data

Appendix F. Detailed Activity -level Energy Impact Estimation Methodology
Appendix G. EECBG- Attributable Impact Methodology

Appendix H. Detailed BPA Expansion Methodology

App endix . Detailed Labor Impact Methodology

Appendix J. Detailed Carbon Impact Methodology

Appendix K. Detailed Bill Savings and Cost - effectiveness Methodology
Appendix L. Organizational/Operational Factors Methodology

Appendix M. Summary Tables of Deta iled Energy Impacts  and Customer Bill Savings
Appendix N. Data Collection Instruments
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2. METHODOLOGY

2.1. Overview of study methods

The basic flow of the study approach , from determining eligible activities to identifying factors that
influenced program savi  ngs, is shown in Figure 2-1.

Evaluability Assessment of EECBG

Activities AReview activities from PAGE database to determine eligibility

Asample design of activities from six BPAs that cumulatively

Selidlle Dl accounted for approximately 80% of total EECBG funding

ATelephone and web surveys with EECBG grant activity

D el EEIEn managers selected from the sampled BPAs

AData review and preparation for subsequent analyses

AN TR AEECBG-attributable impact estimation for sampled activities

AEstimate energy savings and renewable generation, avoided

BPA Estimation carbon emissions, bill savings and cost - effectiveness ratios
ARegional Economic Models, Inc. (REMI) model for labor
impacts

Organizational/Operational

Aldentify economic and project characteristics that influenced

Factors Influencing Program the savings achieved by program
Performance

Figure 2-1: Overview of study approach

The first step in the study was to review the available program data and to assess the evaluability of

the program activities, starting with the acquisitio n of program tracking data from DOE
information system . The database includes information such as funding amounts, contact information,

activity descriptions , and completion status for nearly 7,500 EECBG activities.

The next step was to identify the most heavily funded BPAs that, in combination, accounted for
approximately (but no less than) 80% of total EECBG program funding. Th e resultant BPAs constituted
the target population for this evaluation. The target population is formally defined in Sectio n 2.3. This

section also contains a summary of how the sample of activities was selected for this evaluation.

DNV GL i www.dnvgl.com June 2015 Page 31



During the activity evaluation phase, the contractor team collected activity -specific data and evaluated
energy savings and renewable generation i mpacts over the effective useful life 41 of all efficiency
measures and renewable technologies for the selected activities. Data were collected using both a

computer assisted telephone interview (CATI) and a web -based data collection instrument. Additional
detail on the data collection methodology is provided in Section 2.4.

Key data parameters from the final set of responding activities, including estimates of energy savings

and renewable generation impacts, were then extrapolated to the BPA level through a sample
weighting process. While energy savings and renewable generation estimates at the BPA level were
derived directly from this process, outcomes (such as avoided carbon emissions, cost effectiveness,
and labor impacts ) required additional calculation steps. Additional detail on the BPA estimation
process is provided in Section 2.5.

The final step in the evaluation was to examine the organizational and operational factors of the
activities that explained the relative level of savings per EECBG dollar , and to quantify the relationship
between those characteristics and activity performance. Section 2.5.6 describes this process further

The discussions below summar  ize the various methodologies used to select activities, collect data , and
create the final es timates from this evaluation. These tasks are provided in greater detail in Volume I
of this study report.

2.2. BPA components researched

This study was guided by a scope of work and summary plan  developed by ORNL and independent
contractor TecMarket Works in 2011. In February 2012, the contractor team developed a detailed
evaluation plan to serve as a road map for conducting the evaluation of the EECBG program. ** The
plan outlined two key objectives for the EECBG evaluation . First and foremost, the goal was to
accurately quantify the principal outcomes achieved for the six most heavily funded BPAs separately
and for all six together . The second goal was to identify key organizational and operational

characteristics related to successful performance.

This evalu ation focuses on three key research questions:

1. Whatisthe total lifetime magnitude achieved by all the studied BPAs , together , for each of the
following outcomes  ?

- Energy savings and on -site renewable energy generation (expressed in source MMBtu )
- Labor i mpacts (expressed as the net number of jobs created)

- Avoided carbon emissions (expressed as million metric tons of carbon equivalent reduced)

- Bill savings and cost -effectiveness (expressed as both cost and energy saved per dollar spent)

2. What is the lifetim e magnitude of the above  -named outcomes achieved by each of the six studied
BPAs individually?

4 The effective useful life is defined as the number of years over which the new (efficient) equipment is expected to be maintained

at the efficient condition for which it was intended. Energy savings from efficient equipment is zero after the end of the EU L.
42 Evaluation Work Plan i Energy Efficiency Conservation and Bl ock Grant Program, February 9, 2012.
%3 Energy savings, such as reduced consumption of electricity or natural gas, is the primary objective of EECBG grants and thus the

evaluation did not include an estimation of demand impacts.
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3. What are the key organizational and operational factors influencing the magnitude of EECBG
outcomes? Performance  was defined as the amount of energy saved per do llar spent, a figure that
was then used as the dependent variable in a regression model that examined a range of possible
variables. The methodology and results of the performance factors analysis are described in
Sections 2.5.6 and 4.

2.3.  Sampling selection m ethodology

Given the breadth and  variety of activities that received funding, the evaluation of EECBG began with
a randomly selected sample of activities within groups defined by BPA and grant type (indirect or

direct grants **). Some of the largest activiti es were selected purposely for this evaluation @ these were
the activities that received the largest amount of fund ing from the EECBG program. However, most of

the activities were randomly selected with probability proportionate to their funding. This is imp ortant

for several reasons:

1 Selecting activities  randomly means the estimates resulting from the evaluation will not have any
bias in the sample design.

1 Random selection meanst he precision of estimates can be estimated.

1  Selecting activities proportional to funding means those activities that received a larger amount of
EECBG funding received a proportionally higher chance of being selected for this evaluation.
However, all activities that received some funding have a chance of being selected ,sothe rein no
coverage bias in  estimates resulting from this evaluation 48

1  Selecting activities proportional to funding will also yield more precise estimates because most of
the key outcome measures of interest will be highly correlated with funding within a BPA. Fo r
example, the total amount of electricity energy savings from a program will likely be highly
correlated with the amount of funding it received within any particular BPA.

Figure 2-2 provides more detail  of the study approach pre  sented in Figure 2 -1, which summarizes the
sampling selection methodology, data collection process , and analysis steps associated with this
evaluation. Section 2.3.1 presents some additional detail on the sampling approach ; Section 2.3.2
presents a discuss ion of the frame, sample  , and respondent distributions ; Section 2.3.3 summarizes
the weighting methodology ~ ; and Section 2.3.4 presents a discussion of the estimated precision

associated with estimates from this evaluation. Additional detail on the sampling methodology can be
found in  Appendix C . Additional discussion on the data collection methodology and estimation process

can be found in Sections 2.4 and 2.5.

a4 Direct grants are those th  at are awarded directly to a recipient. Indirect grants are awarded to state/territorial agencies that then disburse
funds to subrecipients.

45 Coverage bias is when the estimated value deviates from the population due to excluding certain groups or individ uals from the sample
frame.
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CATI Respondents
6 BPAs, 317 Activities
Data Provided Revised Funding Estimate
for Target Population of $2,198,569K
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6 BPAs, 169 Activities
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Figure 2-2: Summary of the EECBG sample selec tion , data collection , and estimation
processes
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2.3.1. Overview of sampling approach

The sample for this evaluation was selected randomly to yield statistically defensible, reliable, design -
unbiased estimates that can be confident ly used in subsequent studies . A stratified random sample of
activities was selected from a list of all activities in the target population with probability proportionate

to each acti vi t yrean sfthogeddtivitigs.thatTeheived a greater amount of funding from

the EECBG prog ram had a proportionally higher chance of being selected for this evaluation . However ,
all activities within BPAs of interest had some chance of being selected. Sampling was performed in

the following steps:

1. The target population was defined. The target po pulation refers to the set of activities in the
population that estimates of this study would apply to.
2. Asuitable sample frame was constructed. The sample frame is a list of all activities in the target

population.
3. Arandom sample of activities was select ed from the frame within major groups of interest. The
major groups of interest in this evaluation were BPA and grant type (direct and indirect grants).

These groups define the stratification that was used when selecting the sample.

Some additional detail ~ on these steps is provided next . A complete summary of the sample design and
selection process is provided in Appendix C .

2.3.1.1. Target population

The target population is defined as th e set of activities that the evaluation is design ed to draw
conclusions about.  In other words, the target population is the inferential population of interest.

In order to obtain results from this evaluation in a cost - effective manner, DOE decided to restrict the
target population of this evaluation so that it covered approximately  (but no less than)  80% of the
total amount of EECBG funding awarded. This was achieved by restricting the initial set of EECBG

activities as follows:

1 This evaluation was designed to make inferences about activities associated with the six most
heavily fund ed BPAs, which are the first six shaded inorange in Table 2-1.

1  Only those activities in these largest BPAs that received more than $10,000 in funding would be
considered for this evaluation.

1 Activities that had not started and h ad not spent any funding dollars at the time the sample was
being drawn were excluded from the evaluation.

Activities that received funding from the EECBG program were partitioned into the 14 BPAs noted in

Table 2-1. These same a ctivities were also divided into two grant types: direct and indirect. Direct

grants are those that are awarded directly to a recipient. Indirect grants are awarded to state and

territorial agencies that then disburse the funds to sub -recipients. The disti  nction is important because
different data collection approaches were needed for the two types of funding mechanisms, and it was

expected that energy impact estimates would be considerably different between them for each BPA.

Because of its importance, gr ant type (direct and indirect or sub -grant) was considered an important
stratification variable in the sample selection process, and the sample was designed and selected to

ensure an appropriate representation of both direct and indirect grants in target B PAs. The
stratification used in the sample selection process is discussed in Section 2.3.1.3.
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Table 2-1: Distribution of EECBG activiies and funding by BPA

Percent Cumulative Funding Percent Cumulative
Broad Program - ]
Area (BPA) Activities of Percent of (in thousands of Percent of
Activities Activities of US$) Funding Fund ing
ST BTEEnEy 2,525 33.8% 33.8% $1,077,760 38.8% 38.8%
Retrofits
A S 361 4.8% 38.6% $497,494 17.9% 56.8%
Program
EREMIES e 784 10.5% 49.1% $270,503 9.7% 66.5%
Facilities
Lighting 637 8.5% 57.6% $197,059 7.1% 73.6%
TSI RETELE 456 6.1% 63.7% $165,974 6.0% 79.6%
Technology
Energy Efficiency
EmE EREETED 735 9.8% 73.5% $72,057 2.6% 82.2%
Strategy (Direct
Grants)
Transportation 533 7.1% 80.6% $118,013 4.3% 86.4%
Other 79 1.1% 81.7% $77,236 2.8% 89.2%
Techni cal Consultant 518 6.9% 88.6% $66,363 2.4% 91.6%
Services
Residential and
Commercial 443 5.9% 94.5% $63,712 2.3% 93.9%
Buildings and Audits
Energy Efficiency
and Conservation 24 0.3% 94.9% $57,355 2.1% 96.0%
Strategy (Indirect
Grants)
Material
Conser vation 164 2.2% 97.1% $33,130 1.2% 97.2%
Program
Energy Distribution 68 0.9% 98.0% $30,245 1.1% 98.3%
Reduction/Capture of
Methane/Greenhouse 42 0.6% 98.5% $30,122 1.1% 99.3%
Gases
Codes and
- 110 1.5% 100.0% $18,180 0.7% 100.0%
Inspections
Total 7,479 100.0% $2,775,204 100.0%
Note : Activities in the EECBG  program are classified into 14 BPAs. The energy efficiency and conservation strategy has been split in this table
into direct and indirect grants because the indirect portion of this BPA is ou tside the target population for this evaluation. Indirect grants in
this BPA are excluded due to the inability to obtain a respondent in this group for this evaluation. Fundin g may not sum to the total displayed

in this table  due to rounding.

One of the si x BPAs with the greatest funding was energy efficiency and conservation strategy. Both
direct and indirect grants associated with this BPA were initially included in the target population.

However, none of the  representatives of any of the sampled indirect  grants in this BPA responded
during data collection. Consequently , the indirect grant portion of th e BPA was excluded from the final
target population for this study ,and isreferred to  in this report as energy efficiency and conservation

strategy (direct grants ).

Table 2-2 presents a summary of the final target population for this evaluation. The target population

covers 79% of the funding of the original EECBG population (noted in Table 2-1), whichi s just under
the initial target of 80%. The target population covers 63% of the t otal activities. Note that coverage
within the six BPAs is not 100% because those activities that received less than $10,000 in funding
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and those that did not start at the tim e the sample was being drawn were omitted from the target
population.

Table 2-2: Summary of EECBG evaluation  target population

Target Population
EECBG Universe

Funding Activities
Broad Program Area (in_thousands  of US$)
(BPA) Funding Activities Percent of Percent of
(in Original Original
thousand s Total BPA Total BPA
of US$) Covered Covered
Energy Efficiency Retrofits $1,077,760 2,525 $1,042,878 97% 2,187 87%
Financial Incentive $497,494 361 $491,138 99% 320 89%
Program
Buildings and Facilities $270,503 784 $252,939 94% 667 85%
Lighting $197, 059 637 $185,066 94% 572 90%
On-site Renewable $165,974 456 $161,825 98% 400 88%
Technology
Energy Efficiency and $72,057 735 $64,694 90% 560 76%
Conservation Strategy
(Direct Grants)
Total BPAs Evaluated $2,280,847 5,498  $2,198,540 96% 4,706 86%
Total EECBG Universe $2,775,204 7,479 $2,198,540 79% * 4,706 63% *
*Coverage compared  with the EECBG universe file that contains 7,479 activities and $2,775,204K in EECBG funding . Fundin g may not sum to
the totals displayed in this table due to rounding.
As disc ussed earlier , this evaluation originally intended to target both direct and indirect grants in the
energy efficiency and conservation strategy BPA. If responses could have been obtained from the
sample indirect grants in this BPA, the total funding associ  ated with grants in the target population of

this study would have accounted for 83% of the entire EECBG universe file instead of 79%. The 83%
is slightly more than the 80% target.

2.3.1.2. Sample frame
The next step in the sample selection process was to develop an appropriate sample frame of
activities. In this evaluation, the sample frame was simply a data file where each record in the file

represent ed an activity in the target population.

The sample frame was con structed beginning with  the creation of a unive rse file from PAGE that
accounted for all funding distributed from the EECBG program. Program activity -level data were
extracted from the PAGE system March 30, 2012. The data provided a wealth of information for the

construction of the sample frame . This includ ed proposed and spent funding for each activity, BPA
classification for each activity , activity outcomes , state , and grant number. After the universe file was
constructed, those activities not in the target population were removed and the resulting fi le was the
sample frame for this study . Consequently , the sample frame and target population were equivalent.
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2.3.1.3. Sample selection methodology

A total of 562 activities were selected for the evaluation ,including 452 direct grants and 110 indirect
grants. Init ially, the sample was designed to achieve 350 evaluated activities distributed across the six

BPAs of interest  in proportion  to funding amounts . This target was modified and the original sample
was supplemented to account for higher than anticipated nonres ponse s in some BPAs. The 562
activities selected in the sample reflect the changes made during data collection and represent the

final selected sample size.

The final sample of activities was selected from the frame with probability proportionate to fundin g
46

using a stratified, systematic sampling approach attributed to Chromy (1979)
In the EECBG program, individual sets of program outcomes that allowed DOE to monitor progress on

an activityos wexoeferedmfs wpocdss metrics . EECBG reci pients were required to
report on one primary process metric per project activity on a quarterly basis. In general, recipient s
chose metrics based on which set most accurately describe d their project activity, regardless of the

BPA category the activity fe Il under.

Using Chr omy 6 s pr, acivities uwere selected within groups, or strata, defined by BPA and grant

type (direct or indirect). Sample selection was done independently between these strata , S0 BPA and
granttype were the explicit stratification variables in the design. For sample selection purposes,

within each explicit stratum the frame was ordered by primary process metric (outcomes) and funding
prior to the systematic selection. So, the primary process metric ~ was the implicit stratification

variable inthe sample selection process.

Since activities were selected with probability proportionate to their funding, those activities that
received a larger amount of funding were given a proportionally higher chance of being selected into
the sample. Within each explicit stratum on the sample frame, some activities received a
comparatively large portion of funding. Those activities with the largest amount of funding were

selected with certainty. In this context, selecting a sample with certainty means the activity was
purposely chosen for the evaluation outside the random selection process, so its probability of being in

the sample was 1.00. Selecting the activities with the largest amo unt of funding with certainty i S
beneficial because it increases the precision of the final estimates by including a larger proportion of

the frame funding in the sample. The random, systematic sampling process was conducted to select
the non certainty sample of activities.

2.3.2. Summary of  frame , sample , and respondents

Once a sample was selected, the team conducted evaluability assessments of each activity to

determine the likelihood of obtaining sufficient information to evaluate the activity. Activities that were

deemed evaluable were then moved to the next data collection pha se. As part of the evaluability
assessment, g rant activity managers for each activity were contacted by telephone  for aninterview to
confirm data about the grant and selected activity as indicated in PAGE, and to identify the person
most knowledgeable abo  ut the activity in question for a subsequent web -based survey . Each contact
was asked a series of questions including a set of verification questions to check the BPA assignment

“ Chromy, J. R. (1979). Sequential sample selection methods. In Proceedings of the 1979 American Statistical Association, Survey Research
Methods Section pp. 401  -406.
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associated with the activity and funding received from the program. Responses to the verification

guestions revealed some changes in BPA assignment and funding , which were incorporated during the
analysis and estimation phase of the study. Therefore, the BPA assignment and funding assigned to

each activity during estimation were the corrected values of these variables resulting from the CATI
interview.

For each sampled activity , contact s who completed the CATI were subsequently asked to send various

data files and provide additional information via aweb -based data collection system. These additional

data items were used to estimate the energy impacts of their grant. As noted in the previous section,

562 activities were selected for this evaluation ; ofthose, 317 contacts were interviewed . Ofthese, 169
were considered evaluable, mean ing they submitted adequate amounts of information necessary to
estimate energy impacts , and represent the set of final respondents for this evaluation.

Table 2-3 provides a summary of the sample frame (column A) , the selected sample  (column B) , the
CATI respond ent sample (column C) , and the sample of respondents  with the reassigned BPA category
and new funding data applied  (column D) . Column E reflect s the fi nal sample generated from this

evaluation (e.g., the evaluable sample) . The weighting funding estimates equal ¢ olumn D by design.
Column E reflect s Column D data but represents the final weighted sample that was evaluated in the
study . The estimated total amount of funding in these six BPAs  changed slightly from $2,198, 540,000
to $2,198, 569,000 as a result of the corrected data collected during the CATI interview S.
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Table 2-3: Summary of sample frame , selected sample, CATIsample, and final evaluated sample by BPA

BPA A. Frame B. Selected Sample C. CATI Respondents D. CATI Respondents E. Evaluated
(Using Frame BPA and (Using New BPA and (Final Respondents
Funding Data) Fundi ng Data) and Final Weight)
Funding Activities Funding * Activities Funding * Activities Funding ! Activities Funding ! Activities
Energy
Efficiency $1,042,878 2,187 $1,042,878 277 $1,042,878 160 $1,070,071 167 $1,07 0,071 86
Retrofits
Financial
Incentive $491,138 320 $491,138 83 $491,138 49 $500,830 50 $500,830 14
Program
Eg'c'ﬁl'trl‘gss and $252,939 667 $252,939 70 $252,939 40 $210,853 29 $210,853 18
Lighting $185,066 572 $185,066 58 $185,066 33 $193,286 36 $193,286 27
On-site
Renewable $161,825 400 $161,825 52 $161,825 27 $157,801 27 $157,801 19
Technology
Energy
Efficiency and
Conservation
Strategy $64,694 560 $64,694 22 $64,694 8 $65,728 8 $65,728 5
(Direct
Grants)
Total $2,198,540 4,706 $2,198,540 562 $2,198,540 317 $2,198,569 317 $2,198,569 169
All funding datain ~ thousand USS$. All funding data in thousands and represents the total funding for the BPA and may not sum to totals due to rounding.
Column C shows the activities categorized by BPA and funding level as originally indicated in PAGE. The CATI survey verified the BPA for each activity and reassigned the activity to BPA and revi sed

funding level accordingly.

'This is f unding estimated from weighted data. Funding may not sum to the totals displayed in this table due to rounding.
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A summary of response rates of the samples by BPA are shownin Table 2-4. The final evaluated
sample size will differ in this table compared with the one before  (Table 2-3) because it reflects the
original frame BPA classification.

The sample response rate was 56.4% for CATI respondents and 53.3 % for the respondents who
subsequently provided requested data including funding amounts . The final total response rate is the
product of these two  response rates , whichis 30.1%.

Table 2-4: Studys ampler esponse rates by BPA

Sample Frame BPA Frame Selected CATI CATI Evalua ble Evalua ble Final

Activities Sample Resp ondents Resp onse Resp ondents Response Resp onse
Rate Rate Rate

Energy Efficiency 2,187 277 160 57.8% 82 51.3% 29.6%

Retrofits

Financial Incentive 320 83 49 59.0% 14 28.6% 16.9%

Program

Buildings and Facilities 667 70 40 57.1% 25 62.5% 35.7%

Lighting 572 58 33 56.9% 24 72.7% 41.4%

On-site Renewable 400 52 27 51.9% 19 70.4% 36.5%

Technology

Energy Efficiency and

Conservation Strategy 560 22 8 36.4% 5 62.5% 22.7%

(Direct Grant  s)

Total 4,706 562 317 56.4% 169 53.3% 30.1%

Note: The CATI response rate is the total number of CATI respondents divided by the selected sample. The evaluation response rate is the

total number of evaluated respondents div ided by the number of CATI respondents. The final response rate is the product of the two.

2.3.3. Sample w eighting

A nonresponse adjusted and calibrated sample weight was created for each of the 169 final evaluated

activities. The sample weight included a calib ration adjustment so that weighted funding estimates

from the 169 activities would equal the correct program funding estimates  provided by CATI

respondents . This sample weight  was used to expand the activity -level data back to the BPA target

population dur ing the final estimation phase. All estimates were created using final sample weight S so

that estimates would reflect the original target population and not apply only to the 169 respondents.
Weighting methodology  details are provided in Appendix C .

2.3.4. Estima tionand precision of estimates

Random sampling makes it possible to estimate the precision of all direct savings estimates generated
from the weighted respondent data. The estimated precision, also known as the sampling error, was
computed for many descri  ptive statistics in this report.

Appendix M lists most of the weighted impact estimates generate d from the 169 evaluated

respondents. For each estimate presented, its margin of error  is provided in parenthesis beneathit .
The 90% confidence interval for an estimate is the estimate +/ - its margin of error , and the standard
error of each estimate is roughly its margin of error divided by 1.6 6.
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2.4. Data collection
The evaluation of the EECBG program is based upon information obtained from three key data

sources:

1  Program Records T PAGE and activity documentation and records reported by the EECBG
managers were part of the data collected

activit y

1  Primary Data Collection I Telephone and web -based surveys were conducted with EECBG
activit y project managers closest to the activities sampled . This include d a telephone survey to
verify basic activit ies and program funding budgets , and to identify the correct  contact to provide

additional grant detail . The identified contact was given a self-administered web -based survey to
provide detailed information regarding specific measures and energy efficiency projects .

1 Clarification Interviews i Follow -up interviews with  activit y contacts were conducted to obtain
additional activity  -specific information required for the evaluation that was not provided by the
program databases or the telephone surveys

Figure 2-3 shows the relationship between these three primary data sources and key analytical

components of the evaluation.

DOE Data Surveys
PAGE Database Telephone and Web Follow -up Surveys with
Activity Data from DOE Surveys with Activity Activity Managers
Program Officers Managers
Engineering Desk
Reviews
Energy Savings _
and On -site Net Job Creation Avoided Carbon Bill Savings and Performance
Renewable Emissions Cost - effectiveness Factors
Generation
Figure 2-3: EECBG data collection processing flow
DNV GL 1 www.dnvgl.com June 2015 Page 42




2.4.1. Reporting  data and activity documentation

DOE6s PAGE was the initial sdeavaldam The contadomtpamireviewgd act i vi ty
several key reports ~ from PAGE and other sou rces. Below we list the reports used in the analysis and
the information collected from each report.

Quarterly reporting to OMB T Required of grantees; may be delegated to sub -grantees
1  Total amount of ARRA funds received from DOE

1 Amount of ARRA funds expe nded on or obligated to projects or activities

1 Detailed list of all projects or activities

1 Information on subcontracts or sub -grants awarded by the prime recipient

Quarterly reporting to DOE (PAGE) i Required of all grantees

1 All prime recipients are requ ired to report quarterly through PAGE
1 Two additional reports

- Federal financial report (SF-425)
- Performance report (atthe level of activit y):

A Activity status

A Activity milestones
A Financial metrics
A Process metrics

1 Two categories of process metrics :

- Jobs/ hour s worked

- Standard program metrics T outlay and obligation of funds, amount of activit y completed
2.4.2. Grant activity manager survey (GAMS) instrumen ts
The GAMS instrument was the keystone of the evaluation. The survey collected data on the specific
energy effic iency measures and projects associated with the activit ies sampled to be used for the

energy savings calculations. Survey instruments are provided in Appendix N.

The survey instrument was tailored to collect information for residential and non -residential  buildings.
It addressed the following topics:

Introduction and screening for correct respondent
Confirmation of BPA activity categorization
Respondent 6s acteitye i n the
Building and firmographic characteristics

Verification of measure  -specific inform ation
Attribution

Performance factors

=A =4 =4 4 -4 A 4

A two -step approach was used for collecting information on specific grant activities selected for the
sample.
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First, CATI surveys were conducted with  program activit y managers for the purpose of confirming data
about the grant and selected activity as indicated in PAGE, and for identifying the person most

knowledgeable about the activity in question for participating in  the web -based survey. If the activity
manager was not the appropriate contact, the interviewer asked for contact information for the correct
person. The phone survey also collected basic information such as confirmation of the BPA
designation, grant activity description (the basis of sample selection), status of the implementation of

the activit y 6 s mees, grant amount, and contact information for the individual being interviewed.
Upon completion of the telephone survey, respondents were sent an email with a link to the online
survey.

Second, the designated contacts provided additional detailed informat ion through the self-
administered online GAMS , which contain ed different sections used to elicit specific information. The
survey was pre -populated with information collected during the telephone interview and designed to
collect activity measure -level det ails for a comprehensive array of residential and non -residential
energy efficiency equipment and projects. The survey was comprised of a series of modules; each

module addressed a specific end use, such as residential lighting or non -residential heating.
Respondents selected the modules that were relevant to their specific activit y.

Attribution g uestions

Following the customized questions on program activities , all respondents were guided to a series of
questions related to attribution. These questions were based upon industry  -standard methods of
probing for the extent to which a specific intervention 9 in this case the funding from the EECBG

grant ¢ influenced the actions taken. For example, how did the presence of EECBG funds affect the
timing of the  activit y or the size of the project? The results of these questions were used to determine
the level of savings attributable to the EECBG program.

Performance  factors questions

The last section of the survey  collected data related to program performance to help determine what
factors influence the magnitude of the outcomes achieved. Section 4 of this report describes the data
analysis in detail. ~ Selected survey questions were designed to elicit information on some factors that

may influence program performance, such as number of staff devoted to the project and number of

times a grantee took advantage of available technical assistance . Data on external factors were also
collected from secondary sources to enhance the analysis . Examplesinclude heating - and coolin g-
degree days or a state efficiency score  (see Section 4 for a more detailed discussion).

Follow -up interviews with grantee and su b - grantee activity project managers

After the web surveys were completed, the information collected for each activit y was r eviewed to
determine if there were any remaining gaps in the data for calculating energy savings and if any of the
responses needed clarification . While the surveys were carefully designed to elicit the information

necessary to conduct the savings analysis , sometimes information required was unique to the specific
activit y and could not be collected using the survey. In those instances,  engineers made follow -up
calls to the activit y project manager to ask for the limited amount of information that was still needed.

DNV GL 1 www.dnvgl.com June 2015 Page 44



2.5. Impact methodologies

2.5.1. Activity -level energy savings and renewable
generation estimation

The estimation of activity -level energy savings  from energy efficiency measures and on -site renewable
generation was conducted in two steps. The first step e stimated the overall  energy savings and
renewable generation  achieved by the activity in response to all resources provided, regardless of

source. The second step estimated EECBG  -attributable  impacts , which is the portion of overall impacts
due to the EECB G contribution that would not have occurred without it.

2.5.1.1. Overall energy savings and renewable generation

This section describes the methods used to estimate energy savings and renewable generation

impacts for each of the activities evaluat ed. The energy imp  acts referred to in this section correspond

wi th fAgr os s acommaninugsed, derm in evaluations of utility energy efficiency programs. As
noted earlier, this refers to all savings achieved by activities and not just that portion attributable to

EECBG.

Table 2-5 shows the major data collection and impact estimation methods used for the various BPAs
studied.

Table 2-5:Impact method groups

. . Number of
Impact Calculation Method Applicable BPAs Activities in Group
Direct Indirect
Standard Calculation Tool Energy Efficiency Retrofits 77 9
(Section F .4)
Financial Incentive Programs 8 6
Building and Facilities 13 5
Lighting 25 2
Standard Renewable Protocol
(Section F.5) On-Site Renewable Technology 18 1
Standard Calculation Tool .- .
(Section F .4) or Secondary Energy Efficiency and Conservation 5 0
Strategy
Research
TOTAL 146 23
The following provides a brief summary of each impact estimation method:
Standard Calculation Tool (SCT): This tool is a collection of eng  ineering -based calculations that allow s
the user to estimate energy savings for 19 residential and 11 nonresidential energy efficient measures.
The SCT operates much like an automated evaluation results based Technical Reference Manual for
energy efficienc vy actions. The contractor team assembled the measures into a software application
that prompts the user for the inputs necessar y to complete calculations based on existing technical
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reference manuals. T he user can then estimate energy savings for measures located anywhere in the
country using input data that can vary greatly in terms of content and quality. 4

Standard Renewable Protocol: Calculation methods were standardized for each of the following
renewable technologies, using publicly available tools and methods: biomass combustion

48,49,50,51 54

systems, photovoltaic systems, %2 solar water heating ,® and wind systems

Each of the impact calculation methods shown in Table 2-5 are exp lained in more detail Appendix F
Section F.4 details the standard -calculation tool used to calculate energy savings impacts from energy
efficient equipment in all BPAs except on-site renewable technology and energy efficiency and
conservation strategy . Section F.5 outlines the renewable standard protocol used for calculating

energy savings and generation from renewable energy technologies. Section F.6 outlines the method
used to calculate revolving loan impacts, which occurred for activities a cross several of the applicable
BPAs.

For each of these methods, there were quality assurance and control (QA/QC) procedures in place to

check the output for reasonableness. This included the data being reviewed by the lead analyst prior

to analysis of the  energy impacts. The analysts would check similar measure types against each other

to look for outliers. In these cases, the analysts would go back to the SCT engineers to verify the

inputs and outputs from the model. Other checks included checking the mea suresdé6 fuel types, uni
and fuel values, checking measure types and fuel outputs against the project description. For

example, they would make sure that a lighting program had a kWh savings output. Additional checks

for reasonableness were done by the car bon, cost -effectiveness, and labor analysis leads before they

began their work. Again, any flags raised by one of these leads would prompt a review by the

engineering teams.

2.5.1.2. EECBG attributable savings
EECBG-attributable energy savings were estimated from project -level data using a standard
methodology across all1 69 activities. This section presents the standard evaluation approach used to

assess the extent  to which estimated impacts were the result of the program .

47 The SCT is based on engineering algorithms and assumptions from previously -vetted TRMs, where available, and standard industry
engineering best practices. Site - specific operating and equipment information was used as the primary calculation input. Where
necessary, consistently  -determined assumptions were used b ased on TRMs, secondary -source studies, an d DNV GL professional
judgment . We reviewed 22 national, regional, and state -level technical reference manuals (TRMs) to identify the best ones as judged
on transparency and national applicability of source inform ation, nationally relevant or modifiable algorithms, and range of measures
per sector. Based on these selection criteria, nine TRMs were designated as preferred sources, including: ENERGY STAR, Region al
Technical Forum (RTF) in the Pacific Northwest, Mid - Atlantic, Pennsylvania, Ohio, Wisconsin (nonresidential), New York, TVA, and Texas
(residential).

48ﬁAn Analysis of Energy Production Costs from Anaerobic DigestionNo®Natems on U. S. L
USDA, NRCS, October 2007.

49Burke, Dennis A., P. E. ADairy Waste Anaerobic Digestion Handbook. o lypgage 38. Enviro
WA 98516. June 2001.

50 American Society of Agriculture and Biological Engineers, ASAE D384.2: Manure production and characteristics, The Society for
Engineering in Agriculture, Food and Biological System, St. Joseph, MI, 2005.

51 John H. Martin, A Protocol for Quantifying and Reporting the Performance of Anaerobic Digestion Systems for Livestock Manures , ASERTI,
USDA i Rural Development and EPA AgStar, ( www.epa.gov/agstar/pdf/protocol.pdf ), January 2007.

52 PVWatts version 1. A Performance Calculator for Grid -Connected PV Systems.  NREL.
http://rredc.nrel.gov/solar/calculators/PVWATTS/version1/ (accessed June 17, 2013).

53 RETScreen International. Natural Resources Canada. www.retScreen.net _ (Accessed Oct ober 7, 2013)

54 Wind Energy Payback Period Worksheet version 1.0. NREL http://www.nrel.gov/wind/docs/spread_sheet_Final.xls (Accessed October 9,
2013)
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Program activities provided individual m arket actors with information, tools, and incentives to

accelerate the adoption of targeted energy efficiency and renewable energy measures in specific

projects. Assessment of  program attribution relied on program manager reports that provided insight
into how key decision makers made choices.

The standard attribution methodology is designed to answer the following two fundamental research
questions for each evaluated activity

1. Program effects on market actors

What would market actors targeted by the samp le activity have done in regard to adopting the
activity -supported technology or service in the absence of the program?

This question provides the framework for determining the portion of overall outcomes that are due to
the program. Market actors include energy users and firms and individuals in the supply chain of
energy using equipment, renewable energy generating equipment, and design, installation, and

maintenance services. For EECBG, program effects were estimated based on online survey responses

pro vided by program managers for the direct and indirect grants.

Program managers were asked a set of attribution questions directed at answering the question of

how EECBG influenced participant behavior. The attribution battery sought to determine the answer to

this question through three parameters: timing of participant behavior, quality of technology or

service used by participant, and quantity of technology or service used by participant. These three

factors, where appropriate, were the foundation for est i mating a programds influence on
or other market actords behavior.

For indirect grants, the same basic attribution battery was used, but for each parameter the program
manager was asked to estimate the portion of the projects in the activity to which each response
option applied.

2. Influence of EECBG activities on other program sponsors

In instances when two or more programs, including the EECBG activit y, target the same outcomes in

the same domain, to what extent are observed outcomes attribut able to one program or another?

Here a conservative approach was taken based on the evidence. In many states, ratepayer funded
programs targeted some of the same outcomes as EECBG activities. While some EECBG participants
indicated that other programs had an effect on their  decision -making to take efficiency actions, there

was not clear evidence that EECBG had enough of an impact on other programs  to claim additional
indirect savings generated by those programs. Therefore, EECBG claimed no additional attrib utable
savings beyond its own programs.

2.5.2. BPA -level energy savings estimation

All energy savings estimates presented in this report were computed using a direct survey estimation

technique. With this technique, estimates of totals (such as EECBG -attributed energy savings by
source ) were computed by weighting the data from each sampled activity with a calibrated sample

weight that accounts for both the random sample selection process and the activity -level nonresponse
encountered during data collection. In summary, BPA -level estimates of energy savings presented in

this report were computed by weighting the sample activity -level data with an expansion factor so that
the estimates represents the entire EECBG population of activities within each BPA. Additional
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information on the direct survey estimation process, including information on how the precision of the
estimates were computed , is provided in  Appendix H.

Estimates for labor impacts, avoided carbon emissions, bill savings, cost -effectiveness , and
perform ance factors were generated using various models and algorithms that employed direct survey
estimates as inputs.  The following notes about these estimates and the inputs used in these models
are important to consider:

1  Estimates of precision are not present ed for the labor impacts, avoided carbon emissions,
performance factors , and several cost -effectiveness estimates presented in this report primarily
because of the complex system of models used to estimate key parameters . These estimates,
however, are subj ect to sampling error that is likely of the same magnitude as that reported for
the energy impact and bill savings estimates. Additional information on the sampling error is
provided in  Appendix H .

1  Several models and algorithms used to generate estimates r equired location -specific inputs in
order to account for geographic variation in model parameters and algorithm assumptions. Some
of the models and algorithms required state -specific estimates , while others only required
estimates of regions defined by  the US Bureau of Economic Analysis  (BEA) . This evaluation did not
have the sample size to support obtaining direct survey and state - and region -specific estimates
within evaluated BPA s. Therefore , to account for geographic variation, state -level estimates wer

created as follows:

- If a state had one or more evaluated activity in a specific BPA , then the state -level estimate
was created using data associated with the state.
- Otherwise , direct survey estimation was used to estimate national totals for each BPA and

activity type (direct or indirect grant ) such as the total EECBG  -attributable energy savings
associated with electricity or gas. These estimates of totals were proportioned to the states
with no sampled activities proportional to the funding that the stat e received within a BPA and

activity type group.

- Total estimates by BPA and state were summed to the required geographic level necessary for
the model or algorithm under consideration. This process of deriving state  -level estimates
within each BPA and typ e adds additional sampling error and potentially some bias to the
estimates generated from the models and algorithms.

The models and algorithms used to estimate labor impacts, avoided carbon emissions, bill savings,
cost -effectiveness , and organizational f  actors influencing program performance are discussed in the
next few sections of this report.

2.5.3. Labor impacts

The REMI economic forecasting model used for this study is a dynamic general equilibrium model with

an input -output transaction model at its core. % The model was used for this evaluation because it can
capture lasting EECBG-attributable energy -reduction impacts , and in particular, energy bill savings
The model is also appropriate for depicting changes in household and public agency budgets. When a

% See Appendix | for a high -level de scription of key REMI model features.
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specific industry (designated with a NAICS %6 code) experiences energy (and associated bill) savings, it
becomes a reduction in the cost of doing business. The model includes dynamic region -specific and
industry -specific output s to respond to these cost change s. This is the basis for assessing market

share growth based on  the assumption of  being more competitive once adopting some efficient device

or system, which supports job growth. Therefore, part of the impacts by BPA includes these dynamic

responses that can work both ways 9 either in terms of job creation or losses 0 depending on whether
the BPA evaluated outcomes are negative or positive.

Job impacts occur in response to initial program -related spending within any BPA , which means they
occur inresponse to spending by state agencies to run programs or spending by an energy customer.

In the short -term, these expenditures create new orders or contracts for installation labor , and use
some portion of  US-manufactured equipment. In the long -term, positive job impac ts also emanate
from newly installed systems when the cost savings from the new equipment are used to purchase

other goods and services , provided the investment was cost -effective and deliver ed energy savings
over the life of the equipment.

Overtime,the re are additional transactions that emerge and multip
effect s. Direct job effects are associated with the initial event of injecting more funds into state

programs. The induced multiplier effects account for job changes whe n households experience a

change in disposable income and they either consume more or less than they would have prior to the

program. The indirect multiplier effects account for situations such as when a US manufacturer

receives an order for a more efficie nt heat pump, and the manufacturer must transact with suppliers

in order for the pump to be made, assembled , and sold to the customer.

Another mechanism at work is a set of adjustments that bring the macro -economy back to
equilibrium. The adjustments occu r among organizations in an industry, among industries in an
economy, between employers and the labor market, between capital goods markets and labor

markets, between consumers (firms or individuals) and the good/services providers, and between one
regiona | economy and another (through trade and commuter flows).

One adjustmentisthatp  ersistent future bill savings , through energy efficiency or on -site renewable
generation for customers  , implies less demand for electric and gas utilities , as well as for th e supply

chain that delivers propane and heating oil. 57

Note that the job impacts to be shown in specific sections of this report are presented at the
nationwide level and do not include the territories . The REMI model use s a multi -regional impact

forecasti ng system %8 of the eight major BEA  °°

regions. BPA-related information was provided for each
region (when a region showed participation in a specific EECBG-funded activity) and the REMI analysis
provided outputs at the sub -national level with all regions inte racting simultaneously. Before any

model ed region is stimulated by a programbés initial spending

56 NAICS stands for the North American Industry Classification System. It is a standard code developed by USOMB and is used to
classify business establishments.

57 The value of the utility sector demand offset is assumed to be equal (but opposite in sign) to the dollar value of the bill savings
achieved through energy efficiency and on -site customer renewable systems. Load reductions in one region will not
necessarily translate dollar for dollar into reduced generation fo r that region. Some utility sector jobs will be forfeited however,
and this should be interpreted as a worst -case result.

%8 REMIis a dynamic forecast, producing year -by-year predictions in the presence of a proposed change.

* Multistate aggregate regions  defined by BEA.
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characterized by relative costs ( e.g., labor, housing, capital, energy, taxation, and general cost -of-
living), and relative pr  ofitability of each NAICS sector, which play a role in the resulting impacts once
the programsdé effects are introduced.

For example, if a region is expected to see an increase in hill savings or a large investment of up -front

project deployment, and that r egion already exhibited relatively higher cost characteristics than a

neighbor ingr egi on, the programbés shocks will exacerbate | abor
includes driving up costs higher than the neighboring region, resulting in feedbacks in the model that

and

curtail that regiono6s ability to sell into neighboring regio

national impacts implicitly captures all of these macro adjustments affecting job impacts at the

regional level. These adjustments ar e secondary, however, to characteristics of specific BPA effects.
Examples include the time profile of the various project costs, loan costs, bill savings persistence,
which customer sectors participate , and the cost -effectiveness of their money used to ma ke
improvements.

2.5.4. Avoided carbon emissions

Carbon impacts at the BPA level were calculated by applying the appropriate emission rates to the

verified EECBG-attributable energy impacts from each BPA. State -level non-baseload emission rates
from EPA® sodel® weraappiied to electricity savings and conventional electricity displacement

from renewable sources , since the mix of fuels used to generate electricity varies regionally. 61 Because
emission rates from fuels (e.g., natural gas, oil, and propane) do n ot vary much by region, only one
emission rate was needed for each such fuel type. %2 The appropriate emission rates were applied to

the EECBG-attributable energy savings from energy efficiency or renewable generation and

aggregated to the BPA level. Emissio ns from energy efficiency and renewable generation were then
aggregated to determine the total carbon impact for each BPA.

This evaluation also considered the monetary impact associated with carbon emissions. The team
monetized the carbon impacts associate d with  EECBG-funded programs using the social cost of carbon
(SCC) from the following source S:

T 2009: R.Ruegg, A. OO0 Connor. EalnalingRealizéddnopatts 8f DOE/EERE R&D
Programs: Standard Impact Evaluation Method (August 2014 ).
1 2010 -2050: Tech nical Support Document: Technical Update of the Social Cost of Carbon for

Regulatory Impact Analysis Under Executive Order 12866 83

EPA defines the social cost of carbon as the economic damages associated with a small increase in
carbon dioxide (CO ) emissi onsinayear .5 The avoided social cost is the monetary value of avoided
damages for that carbon not having been emitted.

®H., Pechan & Associates, Inc., fAThe Emissions & Generation Resource | nt
Document, 0 Prepared for the U.S. Environmental Protection AesDiisign, Of
Washington, D.C., December 2010.

® Note that the source energy displaced from renewable sources is different than the source renewable energy generated. Tables with the
source energy displaced from renewable sources by BPA can be found in App endix M.

2 U.S. Environmental Protection Agency, OAR, Climate Protection Partnerships Division. Climate Leaders Greenhouse Gas Inventory Protocol,
June, 2014 . http://www.epa.gov/climateleadership/documents/resources/stationarycombustionguidance.pdf .

% United States Government. Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis T Under Executive Order 12866
Interagency Working ~ Group on Social Cost of Carbon, May 2013.
https://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_of_carbon_for_ria_2013_update.pdf
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The team used the SCC values associated with a 2.5% social discount rate , as that was the value
closest to the discount rate used in other areas of this study. These SCC values were applied to the
annual carbon impacts for each BPA to estimate the monetary impact of the avoided carbon

emissions.

2.5.5. Bill savings and cost -effectiveness

Bill savings are presented in 2009 US dollars, and inc lude bill savings from energy efficiency and on-
site renewable generation . For b ill savings estimates and cost  -effectiveness analyses, the dollar

savings are based on average state -level retail rates and include US terri tories.

For cost -effectiveness, two  indicators are presented in this report and detailed definitions for them are
provided in Appendix K. These indicators are the RAC test andther atio of the presentvalue (PV) of
participant bill savings to the PV of program dollars spent

The RAC test res ult is expressed in EECBG  -attributable MMBtu of source energy saved or generated

per year, per $1,000 of program funding. A program can be considered cost - effective for any ratio
above the benchmark of 10 set by DOE. The RAC test , developed for ARRA -SEP programs, is also used
here for EECBG. It should be noted that while t he RAC test captures only the energy savings cost

benefits, there are other metrics, such as the avoided carbon per dollar spent that can be examined
that capture different EECBG program b enefits and objectives. This is especially true for renewable
generation goals, where the primary objective was avoided generation of fossil fuels and the
associated reduction in carbon emissions , rather than on - site electricity savings.

RAC test result s are presented from a building perspective, which evaluates cost effectiveness of

energy savings and renewable energy generation, and from a system perspective, which evaluates

cost effectiveness of energy savings and conventional energy displaced by rene wable generation. The
substantive distinction between the RAC test from the building and system perspectives is the
treatment of on  -site renewable generation. From the building (consumer facility) perspective, on -site
generation is considered supplemental electricity that does not incur transmission or production

losses. From the system (electric grid) perspective, on -site generation replaces a need for

conventional electricity generation such that the total displaced electricity is used in the RAC test

num erator. In contrast, utility -scale renewable generation is always assumed to displace conventional
electricity .

For EECBG, one BPA included a revolving financing mechanism. Loans are considered an asset by the

lender and this has implications for RAC. RAC requires program funding in the denominator. This is to
measure the efficiency of tnioscaBeP Alteswo arperuad i. When laansdarei n
included , however, program spending is less than program funding because the loans are paid back

and th ese paid -back funds can be applied to other activities. As a result, in addition to Building and

System perspectives resulting from on -site generation , RAC for the financial incentive  BPA category is
shown at the portfolio level with full program funding ( initial loan principal includ ed) and net program
spending (initial loan principal excluded ).

% United States Environmental Protection Agency. The Social Cost of Carbon . November, 2013.
http://www.epa.go  v/climatechange/EPAactivities/economics/scc.html
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The PV ratio compares the present value of participant bill savings attributed to EECBG against the

present value of EECBG program funding.  When the ratio is equal to 1.0, the present value of hill

savings attributable to EECBG isequal to the programds expenditures. A ratioa
the lifetime discounted -value of EECBG -attributable bill savings is greater than total EECBG funding. A

ratio of less th an one means that EECBG funding is greater than any EECBG -attributable energy bill

savings resulting from EECBG program activity.

For this analysis , adiscountrateof2.7 % wasappl i ed. This r-Ateedbsrebak fMntekest ra
US 30-year Treasury bond s in 2009 and reported in OMB circular A -94.% Results are presented ina
range from 0.7 % to 4.7 % to assess the sensitivity of the findings.

Finally, program spending is reported in PV from 2009 when the funding was first disbursed for two
reasons. Fir st, even though funds were disbursed by ARRA in a single year (2009), funds were not
disbursed or necessarily committed to projects in that same year. Project proposals in future periods

included price inflation from 2009 , and, as aresult, ARRA dollars sp  ent in the years after 2009 did not
fund as much activity as they could have in 2009. The PV approach affects only dollars spent after
2009. For project dollars spent in 2009 , the funding amount and the PV amount are identical numbers.

The second reason fo r using PV dollars is consistency with the other tests. The PV ratio test requires
PVs for program spending and bill savings. By using the same program spending value in both tests,
the tests can be compared without caveats.

2.5.6. Operational /organizational fact ors influencing
program performance

The objective of the performance analysis is to determine if there are organizational or operational

aspects of the EECBG program that could be foundto have a statistical relationship to the energy

savings achieved per  grant dollar spent. An understanding of the factors related to successful

performance could be helpful to public policy makers, program managers, and other parties interested

in allocating funding for the adoption and effective utilization of energy effic iency and renewable

energy technologies. Using available program data and secondary sources, the contractor team uses a
regression framework to attempt to identify key organizational and operational characteristics that

explain the relative level of saving s per grant dollar.

The dependent variable  used in this regression model is the ratio of energy impact (source MMBtu) to
funding (in thousands of dollars) . Energy impact estimates and funding data are available for 169
activit ies. However, of the 169 a  ctivities only 148 activities had survey data for the
organizational/operational variables . The distribution of the ratio of net savings to funding is right

skewed as shownin  Table 2-6. While 17% of activities ha ve a ratio of zero and 60% of all 169 activity
respondents have ratios less than 50, the remaining 40% of activity respondents have ratios that

range from above 50 to as high as 6020.

Table 2-6 summarizes the dis tribution of the ratio of program impact in MMBtu to funding in
thousands of dollars. As can be seen, the distribution has several extremely high values. It should be

8 OMB. Circular A -94, Revised, Guidelines and Discount Rates for Benefit -Cost Analysis of Federal Programs s AOMB Budget
Assumption, 0 December 26, 2013. http:// www. whi t ¢d94disshst. g201M.pdé i t es/ defaul t / fil
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noted that the skewed distribution could limit the ability of the model to identify rel

EECBG-attributable savings and operational factors for the activities with smaller savings.

ationships between

Table 2-6: Distribution of ratio of program impact to funding in thousands of dollars
Program Impact/Funding in Thou sands Frequency Percent

0 29 17%
.0l< 15 35 21%
15to< 50 37 22%
50to< 100 28 17%
100< 150 15 9%
150< 300 13 8%
300< 700 9 5%
700 < 1000 0 0%
1000to< 1500 1 1%
1500 < 2000 1 1%
2000 < 3000 1 1%
3000 < 6000 0 0%
6000 < 7000 1 1%

Note: Total of e stimates may exceed 100% due to rounding .

The analysis attempted to explain the observed variation in the dependent variable using a
combination of endogenous an d exogenous independent variables. Endogenous variables are factors
that are specific to the activity and may include the following:

A mix of measures implemented,

A mix of market segments in the project,
A square footage treated through the project,
A primar y heating fuel,
A bill payment responsibilities by owner and renter, and
A perceived importance of the EECBG program in encouraging implementation of the energy
efficiency project.
Exogenous variables are factors that are external to the program and that co uld potentially have an

impact on program performance such as:
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>

the environment in which the program was

score perthe 2014 American Council for Energy Efficient Economy ( ACEEE) Energy Efficiency

Scorecar d,%®

baseline temperature (generally 65 degrees for heating and cooling), 68

natural gas , and

A the ability of the target audience to
unemployment rates as reported by the US Census Bureau .

A total of 75 independent variables were considered for the model.

A annual heating and cooling degree days as measured by the National Oceanic and Atmospheric
Administration (NOAA) ¢ i this metric measures the variation in mean temperatures from the

A indicators related to energy costs such as average cost per kWh and/or cost per therm of

part.i

included 22 potential explanatory variables. Detailed findings for this analysis are presented in

Section 4 and Appendix L.

66ACEEE conducts an annual study to rank stateds based wupon
promote economic growth. Source: http://aceee.org/research -report/u1408
67 s . .

http://www.ncdc.noaa.gov/temp -and - precip/climatological  -rankings/

68 A day in the summer with a temperature of 70 degrees would equal 5 cooling degree days. Similarly, a day in the winter at 60
would be 5 heating degree days.
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3. EECBG FINDINGS BY OU TCOME

The f ollowing section present s the cumulative impacts and BPA -specific impacts by key outcome for

the BPAs studied in this evaluation: energy efficiency retrofits, financial incentives, buildings and

facilities, on -site renewables, lighting, and direct -grant -funded energy efficiency and conservation
strategy . These impacts represent the results that are attributable to the EECBG program. The four
outcomes presented are as follows:

Energy savings/renewable generation
Labor impacts

Avoided ¢ arbon emissions

Bill savings and cost -effectiveness

=A =4 -4 =

All impacts presented in this chapter and elsewhere in the body of the report are attributable to

support received from the EECBG program. These EECBG-attributable impacts are analogous to net
impacts discussed in other evaluat ions. Overall energy savings and renewable generation associated
with the totality of support provided by EECBG are presented in Appendix M. Overall impacts are
analogous to gross impacts discussed in other studies.

3.1. Summary of impacts

This section presents  summary impacts of the EECBG program by outcome. Note that the findings
presented below do not represent the entire EECBG program; rather they represent the 80% of
funding that this evaluation covered.

3.1.1. Energy saving s and on -site renewable generation

This section addresses EECBG-attributable energy savings and renewable generation impacts for all

six of the BPAs studied in this evaluation. As many impacts last into the future, the study provides
estimated impacts from the initial program year, 2009 through 2050. Most impacts will have ended by
2050.

The impacts are  originally calculated in site energy, but are reported in source MMBtu . Site energy, is
the amount of heat and electricity consumed by a building atth at site, while source energy  is the
amount of raw fuel consumed at the generation source required to supply that building . Due to plant
generation inefficiencies and transmission and distribution line losses of energy during transportation
to its final destination ~, more power must be generated at t he plant than is consumed at the building

To account for this loss of energy we apply a n EPA source -site ratio adjustment.  ®° These ratio
adjustments are provided in Appendix K.

Atotal of 169 separate activities were studied and the findings were expande d to the target
population, which consists of 4,706 activities totaling$ 2.2 billion in EECBG fu nding.

69 ENERGY STAR® PortfolioManager® Technical Reference http://portfoliomanager.energystar.gov/pdf/reference/Source%20Energy.pdf
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3.1.1.1. Energy impacts for all fuel types and sectors combined (source
MMBtu )

This study estimates  that the six studied BPAs resultin an estimated 409 million source MMBtu of
EECBG- attributable energy savings from 2009 to 2050. The overall attribution level for all six BPAs
combined was 92% , meaning that 92% of the energy savings achieved by the studied activities was
attributable to EECBG support. This findi ng indicat es that an additional 8% or 14.7 million source
MMBtu of energy savings was due to funding from other sources . The attribution level var  ies across
the BPAs ranging from 27% for On -site Renewable Technology to over 99% for Energy Efficiency and
Conservation Strategy. Figure 3-1 shows the impacts over time. Energy savings peak 2012 through
2014 , followed by a steady decline through 2050

25,000,000

20,000,000 - -

15,000,000

10,000,000

Energy Savings (Source MMBtu)

5,000,000

0

L B L e e B B e L s o o o B B e e B B L LA B e

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050
Year

Figure 3-1: EECBG -attributable energy savings over time for all BPAs studied (source
MMB tu)

EECBG BPAs result in 4 million source MMBtu of on -site renewable generation from 2009 to 2050.
Figure 3-2 shows the impacts over time. The renewable generation peaks in 2012. The steep declines
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in 2035 occur as the effective useful lifetimes 0 of the associated renewable energy technologies

expire.
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Figure 3-2: EECBG-attributable , on -site renewable generation over time for all BPAs studied
(source MMBtu )
3.1.1.2. Energy impacts by fuel type
Table 3-1 presents energy savings over time by fuel type. The majority of energy savings, 326 million
source MMBtu, result from electricity savings. Gasoline savings amount to about 40 million source
MMBtu. Natural gas savings are about 33 million source MMBtu. There are energy savings from diesel,
wood , and oil as well, but these are substantially less than savings from electricity and gas
Table 3-2 shows on -site renewable generat ion over time by fuel type. All of the renewable energy
produced is in the form of electricity.
70 The effective useful life is defined as the number of years over which the new (efficient ) equipment is expected to be maintained at the

efficient condition for which it was intended. Energy savings from efficient equipment is zero after the end of the EUL.
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Table 3-1: EECBG -attributable

energy savings

(source  MMBtu)

for all BPAs studied

by fuel type over time

2009 2010 2011 2012 2013 2014 22%125’ i 2021 -2030 22%3;10 i 22%4510 i Total

Electricity 28,393 3,093,713 8,927,115 15,887,363 16,178,206 16,131,279 85,235,278 122,572,695 56,601,538 1,815,434 326,471,012
gztsural 886" 219,529 1,075,863 1,470,2 17 1,404,511 1,395,624 8,853,108 11,192,653 5,524,916 1,892,157 ° 33,029,463
oil - 1,378 ° 18,182 ° 18,182 ° 18,182 ° 18,182 ° 109,090 ° 30,581 5511 " 219,286
Propane - - - - - - - -
Kerosene - - - - - - - R
Wood - - 20,357 ° 20,357 ° 20,357 ° 20,357 ° 122,144 ° 101,787 ° - 305,360
Diesel - - 473,062 ° 473,062 ° 473,062 ° 473,062 ° 2,838,374 ° 4,730,623 ° - 9,461,247 °
Ethanol - - - - - - _ R
Gasoline - - 1,990,881 ° 1,990,881 ° 1,990,881 ° 1,990,881 " 11,945,284 ° 19,883,143 ° - 39,791,949 °
Other - - - - - - - -
Total 29,280 3,314,619 12,505,459 19,860,062 20,085,198 20,029,385 109,103,277 158,511,481 62,131,964 3,707,591 ° 409,278,316
"-" indicates estimate rounds to zero and is considered imprecise.
"*" indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row and column due to rounding or suppression of estimates tha t round to zero.
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Table 3-2: EECBG -attributable renewable generation (source  MMBtu) for all BPAs studied by fuel type over time

2015 - 2031 - 2041 -
2009 2010 2011 2012 2013 2014 2020 2021 -2030 2040 2050 Total

Renewable Electricity

- 6,707 140, 362 173,345 173,399 172,799 1,035,870 1,694,041 849,352 - 4,245,875
Generated

Methane Produced - - - - - - - - - - -

Landfill Gas (50%
CH4/50% CO ») - - - - - - - - - - -
Produced

Digester Gas (Sewage
or Biogas ) Produced

Biodiesel Production - - - - - - - - - - -

Ethanol Production - - - - - - - - - - -

Other - - - - - - - - - - -

Total - 6,707 140,362 73,345 173,399 172,799 1,035,870 1,694,041 849,352 - 4,245,875

"-" indicates estimate rounds to zero and is considered imprecise.
"*" indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row and column due to rounding or suppression of estimates tha trou nd to zero.
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3.1.1.3. Energy impacts by sector

Figure 3-3 displays energy savings by sector over time. The majority of the energy savings occur in

the residential sector  with 263 million source MMBtu , followed by the public institutional sector with
145 million sou rce MMBtu of energy savings
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Figure 3-3: EECBG -attributable energy savings for  all BPAs studied by sector by year
(source MMBtu )
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Table 3-3 shows total energy savings by sector for all years combined

Table 3-3: EECBG -attributable e nergy savings for all BPAs studied by sector (  source
MMBtu )

Attributable Savings

Residential 262,541,200
Commercial 1,522,697
Industrial 31,934 °
Public Institutional 145,182,485
Private Institutional -
Total 409,278,316

"-"indicates estimate rounds to zero and is considered imprecise.
"** indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.

Figure 3-4 displays on -site renewable generation by sector over time. The large majority of renewable
generation occurs in the public institutional sector.
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Figure 3-4:EECBG -attributable on - site renewable gene ration for  all BPAs studied by sector

by year ( source MMBtu )

Table 3-4 shows total renewable generation by sector for the total period of 2009 to 2050

Table 3-4: EECBG -aftributa ble on-site renewable g eneration for all BPAs studied by sector
(source  MMBtu )

Attributable Savings

Residential 129,165 °
Commercial -
Industrial -
Public Institutional 4,116,710
Private Institutional -
Total 4,245,875

"-"indicates estimate ro  unds to zero and is considered imprecise.
" indicates estimate exhibits low precision.
Estimates may not sum to the estimates reported in the "Total" row due to rounding or suppression of estimates that round to zero.
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3.1.2. Labor impacts

The labor impacts res  ulting from individual BPA activities = are comprised of three components:

1 A short -term effect on job generation related to program administration and project installations ;

1 A longer -term effect on job generation derived from the life -cycle of project energy  -savings
potential to energy customers in all segments ; and
1  Anindirect or multiplier effect when customers are able to deploy the cost -savings stemming from

the EECBG-attributable savings to the purchase of other goods and services

3.1.2.1. Employment impacts (n ational roll -up)

This section presents  combined national job impacts from E ECBG activities for the six BPAs studied

Two different impact concepts 0 directand total o arereported dependingonthe analysis time period .
The direct jobs are those required to a dminister the programs, install projects, and manufactur e
project components.  The total jobs include direct jobs as well as indirect (jobs created down the

supply chain as a result of the projects) and induced jobs (jobs resulting from the economic impact of
customer bill savings).

For all six studied BPAs combined, cumulative total job changes finclusive of the REMI
dynamic adjustments and economic multiplier effects i total more than 62,900 job years. These

results are shown in  Table 3-5. It should be noted that the employment impacts from the various

BPAs do not have the same lifetime . For example , lighting effects last until 2030 , energy efficiency

retrofits until 2036 , energy efficiency and conservation strategy until 2036 , on-site renewable

technology until 2036 , financial incentives until 2050 ,”* and buildings and facilities until 2031

Table 3-5: EECBG -attributable ¢ umulative direct, indirect, and induced jobs created in the
US for all BPAs studied

2014 -

2021 -

2031 -

2009 2010 2011 2012 2013 2020 2030 2040 2041 -2050 Total

EE & Conservation 180 508 564 501 33 88 36 -4 0 1,906
Strategy
Financial Incentives 1,474 1,925 2,056 2,183 756 -408 1,635 1,705 -1,860 9,467
Energy Efficiency 2,152 8,067 9,028 5,296 1,058 3,038 1,845 -233 0 31,151
Retrofits
Buildings & Facilities 484 1,464 1,812 950 472 2,236 938 16 0 8,372
Lighting -30 1,054 1,025 1,330 1,460 1,765 1,486 0 0 8,090
On-site Renewable 162 1,122 515 121 -10 690 1,093 224 0 3,016
Technology
Total US 4,422 14,140 14,999 10,382 3,769 8,309 7,033 1,708 -1,860 62,902

n Impacts past 2050 were not studied as part of this evaluation, so any impacts from fu ture revolving loans past 2050 are not included here.
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3.1.2.2. Employment (job -years) tied to direct spending

This section presents the direct job effects occurring in the short -term as a result of the EECBG
funding for EECBG ac tivities. The values reported are cumulative in the interval within which projects

are installed and the program funds were to be disbursed. These direct jobs are estimated from the
REMI model and assumptions provided by the contractorteam as presented in  Appendix I, labor
methodology

The cumulative direct job effects are 21,206 job years in the US for the short -term interval related to
EECBG program administration and project deployment (through 2013). However , the financial
incentives BPA, due toits re volving loan structure, has installation or technical services contracts, on -
going loan administration support , and some prolonged equipment purchases that extend beyond

2013 (to 2033) . Those direct jobs are  shown in Table 3-6. Cumulative direct job years are 25,567

through 2033.

Table 3-6: EECBG -attributable c umulative  direct job years for all BPAs studied 2009 i 2033

2014 -

2009 2010 2011 2012 2013 2033 Total
EE & Conservati on Strategy 6 83 94 79 2 - 264
Financial Incentives 620 1,403 1,465 1,303 665 4,361 9,816
Energy Efficiency Retrofits 797 3,289 3,592 1,776 177 - 9,631
Buildings & Facilities 321 911 709 481 226 - 2,648
Lighting 352 680 716 194 273 - 2,215
On-site Ren ewable Technology 65 510 305 107 8 - 994
Total US 2,160 6,875 6,881 3,939 1,350 4,361 25,567
Note:
"-"indicates estimate rounds to zero and is considered imprecise.
Estimates may not sum to the estimates reported in the "Total" row and column due to rou nding or suppression of estimates that round to
zero.
3.1.2.3. Total employment impact over life of EE equipment
This section presents the longer -term job generation effects of the EECBG activities and job impact S
inclusive of the multiplier effects (indirect and i nduced effects). The values are job years as this
section is reporting  on the cumulative span of the assumed life cycle of the portfolio of project
installations. Figure 3-5 shows the direct, indirect, and induced job years created from the EECBG
activities over time.
Over time, the job impacts are greatest within the project deployment  period (2011 experiences the
maximum job impact). Subsequent ly, modest positive job i  mpacts persist until 2030 when several
BPAs have exhausted (or are nearing the end of) their derived energy benefits, as shown in the figure .
The pulse of small jobs impacts from 2033 through 2038 is explained by the pattern of assumed

future revolving loa nrecipientsinthe financial incentives BPA.
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Figure 3-5: EECBG -attributable ¢ umulative direct, indirect, and induced job changes created
inthe US for all BPAs studied

A zero indicates the estimate rounds to zero and is considered imprecise.
Appendix K provides precision for estimates used as primary inputs to this figure, such as energy impacts.

As shown in Figure 3-6, the comparison of job impacts occurring in 2009 and 2022 generally shows

net positive job impacts across all sectors except for en ergy -related sectors such as utilities and
mining, which experience job losses related to decreased demand for energy. The job distribution for
2009 indicates the types of businesses that are involved in project deployment or program

administration. The 20 22 distribution of jobs points more toward the effect of bill savings working

through the recipient customer segments, multiplier effects and the reduced demand for energy that
now faces the utility sector.  The reduction in retail jobs is due to a BPA that includes improvements in
traffic idling ( due to lighting improvements) and results in a reduction in retail gasoline purchases and

a net reduction in  retail jobs.
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Figure 3-6: EECBG -attributable ¢ umulati  ve job impact for all BPAs studied , by NAICS sector

3.1.3. Avoided carbon emissions and associated social costs

This section presents avoided carbon emissions and the avoided social costs of carbon for the six BPAs
studied in this evaluation. The avoided emissio ns impacts are all reported in MMTCE. The avoided
social costs are reported in 2009 US dollars.

EPA defines the social cost of carbon as the economic damages associated with a small increase in
carbon dioxide (CO ) emissionsin ayear. ’® The avoided social ~cost is the monetary value of avoided
damages for that carbon not having been emitted.

2 United States Environmental Protection Agency. The Social Cost of Carbon. November, 2013.
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html
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3.1.3.1. Avoided carbon emissions
Figure 3-7 shows annual carbon emissions avoided due to the program activities studied in this

evaluation. Total ca rbon emissions avoided during the lifetime of the EECBG activities studied was
25.75 MMTCE.

1.40

1.20

MMTCE
o o
o) o]
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Figure 3-7: EECBG -attributable a nnual carbon emissions avoided for all BPAs studied , by
year (MMTCE)
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Figure 3-8 shows lifetime avoided carbon emissions by sector , with residential  accounting for the
majority at 16 MMTCE and public institutional ~ accounting for nearly 10 MMTCE. The c ommercial,

industrial, and  private institutional ~ sectors had less avoided carbon emissions as a result of fewer
program activities ~ occurring in those sectors
18
16.015
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E 10
s 8
6 .
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2 -
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0 T T T T 1
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Figure 3-8: EECBG -attributable Lifetime avoided carbon emissions for all BPAs studied by

sector (MMTCE)

Lifetime avoided carbon emissions from program activities are mostly due to energy savings rather
than renewable generation ( Figure 3-9).
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Figure 3-9: EECBG -attributable | ifetime  avoided carbon emissions for all BPAs studied by
mode of savings (MMTCE)
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3.1.3.2. Social costs of carbon impacts

In terms of carbonds social costs, 178ldliorE ELSIM Ge Befhddeloggt udi ed av
described in Section 2.5.4 . Figure 3-10 illustrates those avoided social costs over time.

Figure 3-10: EECBG -attributable s ocial costs not incurred  due to avoided carbon emissions
for all BPAs studied by year (thou sand sof 2009 US $)

Figure 3-11 shows the social cost s notincurred dueto avoided carbon emissions  from program
activities by sector. Residential had the greatest avoided social costs, followed by public institution al.

Figure 3-11: EECBG -attributable s ocial costs not incurred  due to avoided carbon emissions
for all BPAs studied by sector (thousand s of 2009 USS$)
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